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When the battery has reached a full charge condition, the
chemical process stops, and the added energy will instead be
converted into heat. Since the battery is constructed as a
sealed container, the pressure in the battery increases,
which causes chemical destruction. This means that the capa-
city of the battery is reduced, and the capacity may eventu-
ally have been reduced significantly after several such
chargings. For the battery to be utilized in the best pos-
sible manner it is therefore important to ensure not only
that the battery will be charged fully, but also that charg-
ing is interrupted before the generation of heat becomes too
great. Thus, it would be desirable to control the charging
process so as to obtain an almost optimum charging and/or to
interrupt charging at a proper time. Such accurate control of
the charging process is especially important when it is
desired to charge the battery as quickly as possible.

In a typical charging process the voltage across the battery
in¢reases evenly as the battery is charged. As the battery
approaches its full state of charge, the voltage increases
more steeply to a peak marking the full state of charge. The
voltage then drops again owing to the increase in temperature
because the temperature coefficient of the voltage is nega-
tive. Correspondingly, the charging current typically falls
to a minimum at full charge and then increases.

The present invention provides a method of charging a re-
chargeable battery having a pair of terminals said method
comprising connecting an electrical power source to the



30 wherein the informati on code conprises information about the type of the
battery and/«r the capacity of the battery. 2 4. A battery charging
system according to any of the prece- ding clains, wherein the battery

i nformati on code conprises charging par amej er algorithns. 5. A battery
chargi ng system according to any of the prece- 5 ding clains, wherein the
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havi ng a forkisticoregepirabbe-charging processes for different types of
battery and/or different battery conditions, selecting based
on said comparison one of said stored sets of reference
parameters, and controlling at least part of the process of
charging the battery on the basis of one or more reference

parameters of the selected set.

In accordance with the first aspect of the invention, a first
characteristic parameter may be controlled during at least
part of the process of charging so as to obtain a predeter-
mined desired course of a second of said characteristic
parameters, and said first parameter may be the charging
current while said second parameter may be the charging
voltage. |

When a battery is to be charged for the first time, or when
the battery has been stored for a long time without charging,
such battery (hereinafter called a "virgin battery") cannot
immediately accept the normal full charging current. There-
fore, the process of charging such virgin battery cannot be
controlled in the same manner as another battery of the same
type and with the same state of charge, but not being a
virgin battery. Consequently, it would be advantageous to
test the battery to be charged prior to actual charging in
order to f£ind out whether the battery is a wvirgin battery,
which needs an individual "nursing" programme which may, for
example, involve a relatively low charging current for a
shorter or longer'peribd of time. Also batteries not being
virgins may show some kind of anomaly.

Therefore, according to another aspect the present invention
provides a method of charging a rechargeable battery having a



tronically read or sensed by information receiving neans of 20 the
correspondi ng battery chargi ng apparatus having control neans for
controlling the charging process based on the information code read or
sensed by-the information receiving neans of the charger. C L M S
* . 3 pair of termnals, said nethod congrising connecting the terminals
of the battergﬁto an electrical power source, initially test charging the
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charging the battery sub- \ . .
the battery for a short, second period of time, surveying or
measuring at least one test discharging parameter during at
least part of the test discharging process or at the end
thereof, selecting or determining a course or values of at
least one charging parameter based on said surveys or meas-
urements of the test charging and/or discharging processes,
and subsequently at least partly charging the battery sub-
stantially in accordance with the course or values selected

for said at least one charging parameter.

The test charging of the battery may take place in any suit-
able manner. As an example, a predetermined fixed test charg-
ing voltage may be applied to the terminals of the battery
for a predetermined period of time. Alternatively, the test
charging voltage may be increased gradually or step-wise in a
predetermined manner. In both cases the charging current, the
temperature of the battery and/or the inner pressure of the
battery may be surveyed or measured currently or at one or
more selected points of the charging and/or discharging
process.

Another possibility would be to control the test charging
voltage so as to maintain the charging current at a prede-
termined level or so as to gfadually or step-wise increase
the test charging current in a predetermined manner. In the
latter case the charging voltage, the temperature of the
battery and/or the inner pressure of the battery may be
surveyed or measured.

It may be advantageous to repeat the test charging and dis-
charging processes one or more times. If so, the course of



stantially in accordance with the course or values selected for said at

| east one charging paraneter. The test charging of the battery may take
place in any suit- able manner. As an exanple, a predeterm ned fixed test
charg- ing voltage may be applied to the termnals of the battery for a
predet er mi ned period of tine. AIternativeI@, the test charging voltage may
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attain values which could have a detrimental effect on the
battery.

Each test charging period is preferably relatively short
compared to the time period for the subsequent actual char-
ging. As an example, each test charging may take a few se-
conds, such as 1 or 2 seconds.

The nursing programme selected on the basis of the testing
described above may comprise the total charging process of
the battery and even a subsequent discharging process and a
new charging process. In case the nursing programme selected
is terminated before the battery is fully charged the battery
may be further charged, said further charging comprising
surveying the value and/or course of a least one charac-
teristic parameter of the charging process during at least
part of the process of charging the battery, comparing the
value and/or course of said at least one charging parameter
with corresponding values and/or courses of stored reference
parameters representing idealistic or desirable charging
processes for different types of battery and/or different
battery conditions, selecting based on said comparison one of
said stored sets of reference parameters, and controlling at
least part of the process of charging the battery on the
basis of one or more reference parameters of the selécted
set.

A smaller or greater number of empirically determined re-
ference parameters may be stored (such as drafts where values
of the reference parameter is plotted versus the period of



4 the controlled test paraneter (charging voltage or charging current) may
be chosen differently for successive test charg- ing processes. Preferably,
a relatively lowtest charging current is suppli- ed to the battery, for
exanple in the order of 0.2 Ch (Cm x h being the capacity of the battery)
so as to prevent the tenperature and/or t e i nner pressure of the battery
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dlfferent starting states of charge of the battery. If the
state of charge of the battery to be recharged is known or
may be determined, the reference course with the starting
state of charge closest to the actual state of charge of the
battery to be recharged may be selected, and the process of
charging the battery may be controlled so as to approximate
the course of said at least one parameter to the selected
reference course, whereby it may be secured that the battery
is not at any time exposed to unduly high voltage or charging
current or to undue heating.

In principle, the state of charge of the battery to be re-
charged may be determined by a special measuring step, and
the corresponding reference parameter course adapted to the
same or a similar starting state of charge may then be se-
lected, for example by providing the relevant information to
an electronic control unit by suitable keys. In the preferred
embodiment, however, the relevant reference course is se-
lected automatically by an electronic control circuit.

The charging parameter may, for example, comprise the poten-
tial across the battery terminals, the electric charging
current supplied to the battery, the temperature of the
battery cell, the rate of change of any such parameter, and
any combination of such parameters and/or rate of change.

It should be understood that the charging process may be
controlled in any suitable manner by which the course of the
charging parameter may be approximated to the selected re-
ference parameter course. In the preferred embodiment, how-



Wi th correspondi ng val ues and/ or courses of stored reference paraneters
representing idealistic or desirable charging processes for different types
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As mentioned previously, the selection of reference parame-
ters may depend on the state of charge of the battery. Such
state of charge may be determined by briefly supplying a
voltage to the battery prior to the initiation of the charg-
ing process so0 as to measure one Or more charging parameters.
In case the battery is fully charged the charging process
will not be initiated. If the battery is partly charged, such
information may be used in selecting proper reference para-
meters for the charging process.

The controlling of the charging process may comprise deter-
mining of a remaining period of charging time when the wvalue
of at least one characteristic parameter fulfils a certain
predetermined condition or predetermined conditions, and the
charging process is then terminated when such remaining
period of time has expired. In an embodiment of the method
according to the invention the remaining period of charging
time is determined when the characteristic parameter, such as
charging voltage, charging current, battery temperature, or
inner battery pressure, has obtained a predetermined value.

Towards the end of the charging process the internal resis-
tance of the battery cell may increase so that the charging
voltage tends to increase when the charging current is to be
maintained at a relatively high predetermined value. A too
high voltage may course a detrimental temperature increase
within the battery cells. Therefore, the voltage supplied to
the terminals of the battery is preferably limited to a
predetermined maximum, the charging process being terminated



state of charge of the battery to be recharged is known or may be

determ ned, the reference course with the starting state of charge cl osest
to the actual state of charge of the battery to be recharged nay be

sel ected, and the process of charging the_battery may be controlled so as
to approxi mate the course of said at Ieast one paraneter to the sel ected
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course includes information about not only the maximum charg-
ing voltage to be supplied to the battery, but also about the
period of time in which such maximum voltage should be main-
tained at the end of the charging period.

As mentioned above, the reference parameter courses to be
compared with the actual parameter course may be curves or
graphs, and the comparison process may be performed by a
design recognition technique by means of design recognition
éircuitry. In the presently preferred embodiment, however,
the charging parameter is currently measured at short time
intervals during charging, the measured parameter values
being compared with corresponding reference values of the
reference parameter courses, and the relevant reference
'parameter course being selected on the basis of comparison of
such measured values and reference values. The comparison
process may be performed currently during the charging pro-
cess so that the control circuit or control unit may shift
from one reference parameter course to another when the
continued comparison process reveals that the reference
parameter course chosen first is not the one which is closest
to the actual charging process.

In comparing the charging parameter values with the reference
values it may be advantageous to compare the rate of change
of the parameter values as a function of the charging time
lapsed with similar reference values. As an example, the rate



chargi ng paraneter may be approximated to the selected re- ference
paraneter course. In the preferred enbodi nent, how 6 ever, the process
of charging is controlled by controlling the voltage supplied to the
termnals of the battery. The voltage is ieferably controlled so that the
charging current supplied to.the battery [ relatively | ow at the begi nning
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controlling of the charging process nay conprise deter-
The parameter values may be measured and the rate of change
of the parameter values may be determined at uniform first
time intervals, each determination of the rate of change
being based on parameter values measured at second time
intervals, the second time interval being a multiple of the
first time interval. The parameter values may be measured
rather frequently, which means that the said first time
interval may be relatively short, for example about 10 se-
conds. The rate of change is, however, preferably based on
measurements with a time spacing being several times greater,
for example 90 seconds.

The determination of the rate of change may be initiated at
the beginning of the charging process. However, the deter-
mination of the rate of change may advantageously be post-
poned until a measured value of the characteristic parameters
exceed a predetermined value, when it is obvious that the
best distinguishable rates of change are found after such
predetermined value of the parameter.

In a particular embodiment there is just a limited number of
reference values, and a new stop point of time for the charg-
ing process is determined only when the parameter or para-
meters concerned assume one of the reference values. This
results in a simpler procedure which can nevertheless normal-
ly determine the optimum stop point of time sufficiently
accurately.

As mentioned above, when the parameter being measured is the
voltage across the connection terminals of the battery, a



m ning of a remaining period of charging time when the value of at |east
one characteristic paraneter fulfils a certain predeterm ned condition or
predet erm ned conditions, and the charging process is then term nated when
such remai ning period of tinme has expired. In an enbodi nent of the nethod
according to the invention the renaining ﬁ%riod of charging time is
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ing current it may be advantageous to reduce the charging
current gradually as the stop point of time approaches,
because it will then be easier to find the optimum stop point
of time. Thus, charging may, for example, be performed with a
constant high charging current (for example about 4C milliam-
peres, when the capacity of the battery is C milliamperes x
hour) until one of the measured parameters has reached a
determined level, following which the current can be reduced

gradually.

An expedient manner of obtaining the desired charging current
is to use a constant voltage source which is pulse width
modulated in a manner providing the desired charging current.

It may be an advantage that the procedure of determining the
possible stop point of time for the charging process is not
initiated until the charging process approaches its termina-
tion. Thus, a simpler method may be used, such as simple
measurement of current or voltage, for deciding when the more
accurate procedure is to be initiated.

In a particular embodiment the accuracy of the measurements
is improved in that each of the measured values of the char-
acteristic parameters for each of the mentioned points of
time is an average value of a plurality of intermediate
measurements. The measurements will then be less sensitive to
transients, for example. Of course, the same effect can be
obtained by integrating the parameter in question over the
period which has elapsed since the last measurement.



maxi mum val ue during said predeterm ned remai ning period of tine, and as
the inner resistance of the battery cells is in- creasing the charging
current will normally decrease gradu- ally during this period of tine,
which is preferably selected so that the battery is substantially fully
charged when the said period of tine has expired. Preferably, the
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After the termination of charging it may be expedient to
maintain the charge state of the battery by means of a pulsa-
ting current. This ensures that the battery is constantly
fully charged even if it is not removed from the charger till
long after the termination of the charging.

The reference parameter courses stored may comprise not only
courses representing charging processes which are idealistic
or desirable for one and the same type of battery, but even a
plurality of reference parameter courses for each of two or
more different types of battery. In such case the first
process step may be to determine the type of the battery to
be charged and to select the reference parameter courses
related to that type of battery. Thereafter, the process may
proceed as described above.

The present invention also provides an apparatus comprising
connecting means for connecting the battery to an electrical
power source, means for surveying the value and/or course of
at least one characteristic parameter of the charging process
during at least part of the process of charging the battery,
storing means for storing a plurality of the values and/or
courses of reference parameters reptesenting idealistic or
desirable charging processes for different types of battery
and/or different battery conditions, means for comparing the



cess so that the control circuit or control unit may shift from one

ref erence paraneter course to another when the continued conpari son process
reveal s that the reference paraneter course chosen first is not the one
which is closest to the actual charging p % cess. In conmparing the charging
paraneter values with the reference values™it nmay be advantageous to
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The operation of such an apparatus may, for example, be
controlled by a microprocessor or another electronic control
device, which may also comprise a memory for storing the
reference parameter courses or values.

According to a further aspect the present invention provides
a battery system comprising a rechargeable battery including
a pair of battery terminals and information means for con-
taining information about the battery, and a charging appara-
tus including a pair of charger terminals, means for releas-
ably interconnecting the battery and the charging apparatus
80 that the battery terminals are in electrical conductive
contact with the charger terminals, and information receiving
means for receiving information from the information means of
the battery, whereby the charging of the battery may be
controlled based on said information. The battery system may
comprise control means for controlling the charging process

based on information received by the information receiving
means.

The information means of the battery may be more or less
sophisticated. In the most simple form the information means
may, for example, comprise an indicator which is removed,
inactivated and/or destroyed when the battery is charged for
the first time. The presence of such an indicator would
inform the control means that the battery should be charged
in accordance with a "nursing programme" suitable for a
virgin battery of the battery type in question. Alternatively
or additionally, the information means may comprise an infor-
mation code which may be read or sensed by the information



intervals, the second tine interval being a nultiple of the first tinme

I nterval. The paraneter values may be neasured rather frequently, which
means that the said first time interval may be relatively short, for
exanpl e about 10 se- conds. The rate of change is, however, preferably
based on neasurenents with.a tine spacingl%eing several tines greater, for
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In a preferred embodiment of the battery system the charging
current and/or charging voltage may initially be increased
when the temperature sensed by the temperature sensor is low.

The invention also relates to a rechargeable battery for use
in a battery system as described above, said battery compris-
ing a pair of battery terminals and information means for
containing battery information in a form which may be sensed
or read by suitable information receiving means of a corre-
sponding battery charging apparatus.

As described above, the information means may be rather
simple. Alternatively, the information means may comprise an
electronic memory for storing battery information. This
battery information may then comprise information about one
or more previous charging and discharging processes and/ox
about the present state and condition of the battery and its
individual cells. Thus, the information means of the battery
may inform the control means in detail about the condition of
the battery, and the control means may then control the
charging process on the basis of such information. Such
charging may be controlled in accordance with any of the
methods described above or by means of conventional charging
methods. The battery information may for example comprise
information about the type of the battery, the capacity of
the battery, other specifications of the battery, charging
status of the battery, the condition of the various battery
cells, the last charging process, the last discharging pro-



9 nore exact nmeasurenent is obtained if the charging current to the battery
is cut-off for a short period before the voltage is neasured. The reason is
that the battery has an internal series resistance, and the charging
current provides a volt- age drop acrossighis resistance which should not
be included in the voltage neasurenent In particular in case of fast
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rocess is . .
P éﬂéﬁ information about pressure and/or temperature may be
transmitted to the control means.

The control means are preferably adapted to control charging
of individual cells of the battery in response to information

- received from the information means, whereby it may be en-
sured that the cells of the battery are substantially uni-
formly charged.

It should be understood that the battery could also comprise
an electronic display for displaying information from the
memory in a directly readable form. It is also envisaged that
the battery could also contain the control means. This means
that the charging apparatus is eliminated or included in the
battery unit. In such case the battery should just be con-
nected to a suitable electrical power supply.

Usually, the battery comprises several battery cells and in
order for the information means to obtain information about
the individual cells, such as voltage and/or temperature of
each cell, the battery may further comprise means for measur-
ing the voltage of each battery cell and means for storing
the measured cell values in the information means.

In connection with the method of charging described above it
is presupposed that courses or sets of reference parameters
for the type of battery in question are known and available.
The present invention provides a method for providing such
courses or sets of reference parametérs. Thus, the present
invention provides a method of determining a process of



initiated until the charging process approaches its termna- tion. Thus, a
si npl er nethod may be used, such as sinple neasurenment of current or

vol tage, for deciding when the nore accurate procedure is to be initiated.
In a particul ar enbodi nent the accuracy of the nmeasurenments is inproved in
that each of the neasured values of the chér- acteristic parameters for
each of the ntioned points of time is an aver.age val ue of a(glurajity of
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battery limit the rate of charging. When the charging current
is relatively low the charging current may be. increased by
increasing the charging voltage without any increase of the
battery temperature, and the temperature of the battery may
even drop slightly when the charging current is increased.
However, when the charging current has reached its maximum
value determined by the chemical reactions a further increase
of the charging voltage may cause a drastic increase of the
battery temperature and also of the internal pressure of the
battery which is detrimental to the battery. According to the
present invention a maximum value for the battery and/or
cells thereof may be determined for the temperature, the
difference in temperature, the inner pressure, the charging
voltage, and/or the terminal voltage. The charging process
should then be controlled so that the maximum wvalue or the
maximum values is/are not exceeded during the charging pro-
cess.

As an example, the maximum value and/or difference of the
battery/cell temperature and/or the inner battery/cell pres-
sure may be determined as the temperature and/or difference
in temperature and/or pressure obtained when a relatively low
charging current is supplied to the battery for a certain
period of time, for example in the order of one hour or even
up to 10 or 15 hours. The charging voltage may then be con-
trolled so that the charging current is kept substantially
constant at least during the later part of the charging
process. The charging current supplied to the battery may,
for example, be 0.05-0.3 C/h, 0.1-0.3 C/h, preferably 0.2-
0.25 C/h (C/h being the so-called C-rate). This means that



charging process may be interrupted if and when said at |east one val ue or
course surveyed deviates too nuch fromany of the correspondi ng courses or
val ues of the stored reference paraneters. After the term nation of
charging it may be expedient to maintain {die charge state of the battery by
means of a pulsa- ting current. This ensures that the battery is constantly
fully char gt | dapdcley ol EREOKEELEEITHENAGC UABGGRA! i oo Gdiidle
the term nation of the aﬁargLn . The referénce paranetér courses _stored may
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courses related to that type of battery. Thereafter, the process may
proceed as described above. The present invention al so provides an
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plurality ofoltegealsedetethined as the maximum voltage obtained when a
relatively high charging current is supplied to the battery
for a certain period of time. Such relatively high charging
current may, for example, be 0.75-1.5 C/,, preferably about 1
C/n. When such a charging current is used the necessary
charging time for fully charging the battery is 0.67-1.34
hours.

The charging current may be supplied to the battery in a
period of time sufficient to partly charge the battery. It is
preferred, however, to continue supplying charging current to
the battery till the battery is substantially fully charged.

When determining one or more of the above mentioned maximum
parameters it is preferred that the battery is at least
partly charged at a slow rate and subsequently discharged at
least once prior to any further charging. It is further
preferred that the relatively low charging current is sup-

plied to the battery for such a long period of time that a
rise in at least one of said charging parameters, such as
battery or cell temperature, has been obtained and no further
essential parameter change has been detected.

The real value of the capacity of the battery will often vary
from the capacity stated by the battery manufacturer. Thus,
it is an object of the present invention to provide a method
for determining the real value of the capacity of the bat-
tery. This method comprises charging the battery at said
relatively slow rate and detefmining the capacity value of



courses of reference paraneters representing idealistic or desirable
chargi ng processes for different types of battery and/or different battery
conditions, neans for conparing the val ue and/ or course of said at |east
one charging paraneter with the values and/or courses of the stored
reference para- neters and for selecting bfsed on said conparison one of
said stored sets of reference paraneters, and neans for control- |ling at
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cells thereof.

When determining the maximum value of the charging or ter-
minal voltage it is preferred to charge the battery with a
charging current which is substantially equal to the C-rate
based on the determined real value of the capacity of the
battery. Furthermore, it is preferred to determine the maxi-
mum value of the voltage as the voltage measured across the
battery or cell terminals at the point of time when the
battery or cell temperature has increased by said maximum
temperature difference determined during charging with said
relatively low charging current. It is also preferred that
the battery is substantially discharged before initiating any
charging process for determining charging parameters.

If the battery is a virgin battery, which means that the
battery is being charged for the first time or a rather long
period of time has passed since last charging, it is import-
ant to ensure that the battery "gets started" which means
that the chemical reaction within the cells is normal. This
may be obtained by a nursing program as previously explained.
Thus, the battery may be at least partly charged rather
slowly and subsequently discharged at least once prior to
determining the maximum value of said at least one maximum
parameter.

A set of maximum values obtained in the manner described
above may form a reference for use in a method of charging as
previously described. Further reference values or parameters



contact with the charger termnals, and information receiving neans for
receiving information fromthe information neans of the battery, whereby
the charging of the battery may be controlled based on said information
The battery system nmay conprise control means for controlling the charging
pracess based on information received by thHe information receiving nmeans.
The information means of the battery may be npre or | ess sophisticated. In
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reading or %ﬁ%%h?ﬂa&egﬁgée329 éggdcgugsgg tiggay constant charging cur-
rent preferably being several times the C-rate based on the
capacity value determined or measured. As an example, the
value or parameter may be the voltage. In that case the
voltage(s) of the battery or cell terminal(s) is (are) sur-
veyed, and when a predetermined maximum terminal voltage of
the battery or cell has been reached at a time Tmax, the
charging process is controlled so as to maintain the battery
or cell voltage substantially constant for the remaining
period of the charging process. If the battery has at least
two cells, the parameter or voltage of each cell of the
battery may be surveyed, and the remaining period of the
charging process may be controlled based on the voltage of
the cell having a voltage first reaching the maximum cell
terminal voltage. It should be understood that the charging
process could be controlled based on any other charging
parameter, such as the temperature of the battery or of the
individual cells thereof.

It is also preferred that the stop point of time of the
remaining charging period of the charging process is deter-
mined by surveying the charging current, and when no further
decrease in the charging current has been detected for a
predetermined period of time the charging process may be
terminated. Alternmatively, the charging process is stopped at
a time Tstop, the remaining charging period Tstop minus Tmax
being determined generally at the time Tmax when the prede-
termined maximum battery or cell terminal voltage is reached.
The remaining charging period of time Tstop minus Tmax may be
determined on the basis of a comparison of the battery or
cell terminal voltage course with stored reference voltage



exanpl e, contain information about the type, capacity, maxi- nmum charging
vol tage, maxi mum chargi ng current, naxi mum tenperature, naxi mum inner
pressure and/ or other charac- teristics of the battery. Furthernore, the

i nformati on nmeans may, alternatively or additionally, conprise a
tenperature sensor for sensing the tenperai%re of the battery. In a
preferred enbodi nent of %Fe batterg 8y bgnlthe char g grrent ang(or
char gi ng vol t24ESRay Phi t18 FF™B&PHREr & 5§1ﬂﬁéﬁefﬁ fpé&rBeur8YsEfsed by
t he tenper atdetesmined in dependbacynoénthenvallse ofl dmax.t o a rechargeabl e
battery for use in a battery system as described above, said battery
conpris- ing a pair of battery termnals and information neans for
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means may then cont
operation, the present invention provides a method for con-

trolling a discharging process of a rechargeable battery
having at least two cells, said method comprising surveying
the voltage of each cell of the battery, and interrupting the
discharging process when the voltage of at least one cell
drops to a predetermined threshold voltage.

The invention will now be further described with reference to
the drawing, in which

Fig. 1 is a graphical representation or curve showing the
voltage as a function of time for an NiCd battery which is
charged with a constant charging current,

Fig. 2 shows in an enlarged scale part of the curve of Fig.
1,

Fig. 3 is a graphical representation of the course of various
charging parameters in a controlled process of charging a
NiCd battery,

Fig. 4 is a graphical representation showing the battery
voltage of a NiCd battery as a function of charging time for
gix different starting states of charge,

Fig. 5 is a block diagram of an apparatus according to the
invention,

Fig. 6 shows a circuit diagram of an embodiment of the appar-
atus shown in Fig. 5, and

Fig. 7 is a graphical representation corresponding to that
shown in Fig. 3 for a battery with some anomaly,



chargi ng process on the basis of such information. Such charging may be
controlled i.n accordance with any of the nmethods described above or by
means of conventional chargi ng methods. The battery information may for
exanpl e conprise informati on about the type of the battery, the capacity of
the battery, other specifications of the bettery, charging status of the
battery, the_condition_of the various battery. cells, the | ast chargin
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charging current,
Figs. 13, 14 and 15 show the charging voltage curves and the
temperature curves for the same battery as in Fig. 12 when
charged with substantially constant charging currents of
different values, respectively,
Fig. 16 shows the charging voltage curve and the temperature
curve for a battery which is test charged with a constant low
charging current in the range of 0.1 C/h, .
Fig. 17 shows the charging voltage curve and the temperature
curve for a battery which is test charged with a constant
charging current in the range of 1 C/h,
Figs. 18, 19 and 20 show the charging voltage curves, the
temperature curves and the charging voltage curves for a NiCd
battery which is charged with charging currents of different
values, the charging processes being controlled in accordance
with a preferred embodiment of the invention,
Fig. 21 shows the charging voltage curve, the temperature
curve and the charging current curve for a Nickel Metal
Hydride battery which is initially charged with a high charg-
ing current,
Fig. 22 is a block diagram of a battery according to the
invention,
Fig. 23 shows the discharging voltage curves for each cell in
a NiCd battery having 6 cells and being discharged with a
constant current, _
Fig. 24 illustrates a controlled discharging process accord-
ing to the invention for a NiCd battery having 6 cells,
Fig. 25 shows the charging voltage curves and the temperature
curves of each cell of a NiCd battery having 6 cells and
being charged with a constant charging current, and



sured that the cells of the battery are substantially uni- formy charged.

It should be understood that the battery could al so conprise an electronic
di splay for displaying information fromthe menory in a directly readable

form It is also envisaged that the battery could also contain the control
means. This neans that the charging appar&Qs is elimnated or included in
the battery unit. In such case the battery should just be con- nected to a
suitabl e el cBt99 ca?6 poRitrandippd yareshheek, dipgramst shpwisapAi§Esrsater al
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about the individual cells, such as voltage and/or tenperature of each

cell, the battery may further conpri se neans for neasur- ing the voltage of
each batteryFb@lI1amwowsamstyp&calochaggihg sequened €olrl anaNicd batteey.
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paraneters. Thus, the present Invention provid etermning_a
process of voltage and time values may vary, for example with the actual
charging current and from battery to battery. The curve may
be divided into regions representing various stages in the
charging process. Fig. 1 indicates four regions which are

marked A, B, C, and D, respectively.

The region marked A constitutes the start of the charging
process. When the charging process is initiated, the voltage
may vary somewhat depending upon the state of charge of the
battery prior to the initiation of charging. Thus the voltage
in this region is rather indefinite, and therefore no measur-
ements proper are usually performed in this region.

The letter B indicates the actual charging period where the
charging current is converted into stored energy in the
battery by a chemical process. In this period the voltage of
the battery increases only slowly. In the region C the full
state of charge is approaching, and the voltage begins to
increase more rapidly. At the end of the period C oxygen
begins to develop in the cells of the battery which results
in an increase in pressure and in temperature in the battery.
This means that the voltage now increases more slowly because
of its negative temperature coefficient. The battery voltage
does not increase additionally at the transition between the
regions C and D, and the voltage has thus reached its highest
value or peak value..

If the charging process is continued in the region D, the
battery voltage will drop because the electrical energy is
now generally converted into heat. The resulting increase in
temperature and pressure will cause destruction of the bat-



14 charging a rechargeable battery having a capacity C, said nethod
conprising determning a maxi numvalue for at |east one charging paraneter
and controlling the charging process so as to not exceed the maxi mum val ue
or values determned. It is normally desirable to fully charge a battery

Wi t.hin the shortest possible charging peri2dd of time. However, the chem cal
reactions taking place within the cells of the battery limt the rate of
char gi ng. \Nﬁﬁfxrﬂth%f@ﬁmgchYrbﬁtth@Sré@éﬂ#@é#yTheﬁﬁfﬁée@hﬁhS|ﬁBaEHPPSnt
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the battery tenperature, and ure of the battery may even drop

ra
slightly whéft k%aﬁ%ﬁh@e%ﬁF?%ﬂ$ ?% therkgtifd Powever, when the charging

current has reached its maxi mum val ue determ ned by the chenical'reactions
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then be contgidnh asetwedhavatiudbshadging perametie vAluaBNwightiasthe/ are
not exceeded durlqg‘ihe chq&g&ngsgch as the slope of the voltage curve at
a certain time or moment in the region C and the time differ-
ence from the moment in question to the optimum stop point of

time for the charging process.

If the information about the correlation is stored in an
electronic circuit it is relatively simple to calculate or

. . determine how long charging of the battery should be con-
tinued and thereby the optimum stop point of time for the
charging process, after having measured the slope of the
curve at a given moment; If this calculation is performed at
several consecutive moments, a corresponding number of propo-
sals for the optimum stop point of time will be obtained.
Fig. 2 shows an example where three measurements are per-
formed. A remaining charging period of delta T1 is calcu-
lated at the point of time Tl1l, a remaining charging period
delta T2 is calculated at the point of time T2 and a remain-
ing charging period delta T3 is calculated at the point of
time T3. In the figure, the three calculated stop points of
time occur at precisely the same moment. However, in practice
the calculated stop points of time will usually be slightly
different with a consequent number of proposals for stop
points of time. In the embodiment of the invention described
here, it is decided to cut-off the charging process when the
first one of the calculated stop points of time occurs. Since
a microprocessor is incorporated in the apparatus described
below, more sophisticated stop criteria are also conceivable.
Thus, it will be possible, for example, to attach more impor-
tance to the stop points of time last calculated. It is



cess. As an exanple, the maxi num val ue and/or difference of the
battery/cell .tenperature and/or the inner battery/cell pres- sure may be
determned as the tenperature and/or difference in tenperature and/or
pressure obtained when a relatively |low charging current is supplied to the
battery for a certain period of tine, for @anple in the order of one hour
or even up to 10 or_ 15 hours. The charging voltage may then be con- trolled
so that the @REFHDBAE cfoRrexampleptte hisreddstd| ForensfakbeavalBgst cadfing

the later partatdq tfersthaigidmo Wﬁ@%sé@@eﬁba&ﬂlﬁﬂlﬁdibﬁgt gatReri adobiid
the battery nay for exqggi 0.05-0.3 Ch, 0.1-0.3 Ch, preferably 0. 2-
0.25 C/h (CH jt’h‘é lt‘:éoﬂled Crate). ThIS means t hat 15 when the

capacity of the battery bei ng charged is for exanple C mA[err]h, the

char g1 ng cur renty, iy Be.d: G5rds ® £ gy D dn by EnandoBEeber aplyol: 2ng. 25 C

mA. Such charglng curre el a- feguiPes & ch arging tine
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the charging current is plotted as a function of time with a
constant charging voltage, and reproducible curves showing
the above-mentioned stages in the charging process will be
obtained even if neither charging current nor charging volt-
age is kept constant. It will be appreciated that these
curves can be used in a manner similar to what is described

above.

Corresponding curves of a different appearance will be ob-
tained for other battery types. For some of them the cor-
relation between the actual measurement point of time and the
optimum remaining charging time will not necessarily be
associated with the slope of the curve at the moment in
question, but with other parameters for the curve, for
example, the absolute voltage at the moment concerned.

An embodiment of the invention comprises measuring the slope
of the voltage curve currently, for example every tenth
second. For each measurement a remaining charging period and
thereby a new proposal for a stop point of time is calcu-
lated. The processor can then either store this value
together with the others, or it can incorporate it in a more
sophisticated calculation of when the charging pro-cess is to
be terminated.

Another embodiment comprises prestoring a limited number of
reference values for the slope of the curve. In each mea-
surement the actual slope of the curve is compared with the
reference values, and only when the slope passes one of the
reference values the processor will calculate a new stop
point of time. In this manner, calculating time for the



i ng period. The maxi num val ue of the charging and/or termnal voltage is
determ ned as the maxi mum vol tage obtained when a relatively high charging
current is supplied to the battery for a certain period of tine. Such
relatively high charging current may, for exanple, be 0.75-1.5 C'h
preferably about 1 C h. Wen such a chargiitg current is used the necessary
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internal resistance of the battery. Since this internal
resistance typically increases at the end of the charging
sequence, a voltage measurement without this contribution
will be a more accurate measure of the state of the battery.

As mentioned before, reproducible curves will be obtained
even if the charging current is not kept constant during the
entire charging procedure. The principle of the invention can
therefore very well be combined with a charging procedure
where charging is initially performed with a comstant, high
current which is then reduced toward the end of the charging
procedure. By using the lower charging current during the
last portion of the charging process it will be possible to
determine the optimum stop point of time more precisely,
without the overall charging time being diminished noticeab-
ly. This may be combined with the performance of just a
simple voltage measurement during the first portion of the
charging process. When the voltage has reached a predeter-
mined value, the charging current may be reduced, and the
measurement of the slope of the curve may be initiated as
described above. Of course, it is also possible to reduce the
charging current at one voltage value and initiating the
measurement of the slope of the curve at another voltage
value.

Fig. 3 shows typical charging curves obtained in accordance
with an embodiment of the method according to the invention
when charging a NiCd4 battery. The voltage curve shows the



for determning the real value of the capacity of the bat- tery. This

nmet hod conprises charging the battery at said relatively slow rate and
determ ning the capacity val ue of 16 the battery by cal culating or
measuring a total first charg- ing power supplied to the battery during
charging until the battery is substantiall3# fully charged. The point of
time when the battery is substantially fully charged may be deter- mned as
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The region marked A constitutes the start of the charging
process. Here, the voltage supplied is controlled so that the
charging current supplied to the battery is relatively low.

The B region indicates the actual charging period where the
charging current is converted to stored energy in the bat-
tery. Here, the voltage supplied is controlled so that the
charging current i maintained at substantially the same
maximum value, which is determined in dependency of the type
of battery involved, and the voltage across the battery in-
creases only slowly.

In the C region the battery approaches its state of full
charge and in order to maintain the maximum charging current
the voltage across the battery begins to increase more rapid-
ly until the voltage across the battery terminals reaches the
predetermined maximum Vmax, which may be different for d4dif-
ferent types of batteries and which may, for example, be
determined as previously described.

In the D region the voltage supplied is controlled so that
the measured voltage across the battery terminals is main-
tained substantially at the maximum limit, Vmax. In the
regions C and D the internal resistance of the battery cell
is increased, and for a constant battery voltage, as in the D
region, the resulting charging current will decrease. Due to
the fact that the battery voltage is kept at a constant value
in the region D the resulting temperature increase is rela-



tenperature difference determned during charging with said relatively | ow
charging current. It is also preferred that the battery is substantially

di scharged before initiating any chargi ng process for determ ning charging
paranmeters. If the battery is a virgin battery, which neans that the
battery is being charged for the first ti n#r a rather | ong period of tinme
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source.

The voltage curve shown in Fig. 3 represents a process of
charging a NiCd battery which is nearly unloaded. Fig. 4
shows six similar voltage curves V1 - V6 representing differ-
ent charging courses for the same battery with different
starting charges. The curve V1 represents the charging pro-
cess of the battery when nearly fully charged and the curve
V6 represents a charging process of the battery when almost
fully discharged. Fig. 4 shows the charging period necessary
for obtaining the maximum voltage Vmax increases when the
starting state of charge of the battery decreases. It can
also be seen from Fig. 4 that the "remaining charging time",
which is the time period from the reach of Vmax till the
charging process is terminated, increases when the starting
state of charge of the battery decreases.

Information about ideal or desired reference voltage curves
for the type of battery in question for a plurality of dif-
ferent starting charge conditions of the battery may be
stored in an electronic memory. By comparing the course of
the actual voltage curve, such as the slope of the curve with
the stored reference values, the relevant reference voltage
curve and the "remaining charging time" associated therewith
may be determined.

The slope of the voltage curve may be measured currently, for
example every tenth second during the charging process. For
each measurement a comparison is made with the stored refer-
ence slopes and a new proposal for a "remaining charging



obt ai ned as descri bed above may be used in a controlled nmethod of charging.
The_ battery is then charged wwth a sub- stantially constant charging
current during part of the charging process, said substantially constant
charging cur- rent preferably being several tinmes the C-rate based on the
capacity val ue determ ned or neasured. As an exanpl e, the val ue or

paraneter may .he the voltage. | t_case f ttery or
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vol tage substantially constant Tor the rpnalnlng period of the charging
process. |f @H&ash 1eamaiping chakging pipe! |'@Iyecldi88t er or vol tage of
each cell of the battery nmay be surveyed, and the remaining period of the

char gi ng progess .my be contrqll ed based.on the.voltage .of the cell havin
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reference values, and only when the slope passes one of the
reference values a new "remaining charging time" value is
determined.

Curves correspbnding to those shown in Figs. 3 and 4 will
also be obtained for other battery types. These curves might
be of different appearance and for some of them the correla-
tion between the time for reaching the voltage Vmax and the
optimum remaining charging time will not necessarily be
associated with the slope of the voltage curve in question,
but with other parameters of the curve, such as the absolute
voltage at the moment concerned. The more parameters measured
and stored, the more sophisticated determinations can be made
in order to determine the optimum remaining charging time.

A further embodiment of the method according to the invention
resulting in charging curves of the type shown in Figs. 3 and
4 comprises measuring the battery voltage at a fixed time
together with measuring the slope of the voltage curve when
the maximum voltage Vmax is reached. In this embodiment the
voltage together with the slope of the voltage curve can be
incorporated in a more sophisticated determination of the
ocptimum remaining charging time.

The voltage curves shown in Figs. 3 and 4 have been plotted
by measuring the voltage across the battery terminals when
the battery is being charged. However, an alternative possi-
bility is to cut-off the charging current briefly each time a



decrease in the charging current has been detected for a predeterm ned
period of time the charging process nmay be termnated. Alternatively, the
chargi ng process is stopped at a tine Tstop, the renmining charging period
Tstop m nus Tmax being determ ned generally at the tinme Tmax when the
prede- term ned maxi num battery or cell te#Tfi nal voltage is reached. The
remai ni ng charging period of time Tstop m nus Trmax hay be determ ned on the
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In the embodiments described above the measurement of the
slope of the curve takes place in the following manner. At
each measurement point of time, i.e. for example every tenth
second, the voltage of the battery is measured, and then an
electronic processor may store this voltage value in a stor-
age circuit. The processor then calculates the difference
between this value just measured and, for example, the value
which has been measured 90 seconds ago and this difference is
used as a measure of the slope of the curve at the time in
question. In this manner a new value of the slope which has
been measured over a period of for example 90 seconds is
obtained every ten seconds.

To prevent the voltage measurements from being affected by
transients and the like the voltage is preferably measured
much more frequently, for example 100 times, between each of
the said measurement points of time. Each of these inter-
mediate measurements is stored by the processor, and at the
actual measurement points of time the processor calculates an
average of the 100 intermediate measurements which have been
performed since the last measurement point of time.

When the charging process has been terminated as described
above, maintenance charging of the battery may take place if
the battery is left in the charger. This takes place by
passing current pulses through the battery at intervals.
These current pulses and the time between them are adapted
such that they compensate for the self discharge of the
battery which would otherwise take place. The pulses may, for



t he voltage of each cell of the battery, and interrupting the discharging
process when the voltage of at |east one cell drops to a predeterm ned

t hreshol d voltage. The invention will now be further described with
reference to the drawing, in which Fig. 1 is a graphical representation or
curve showi ng the voltage as a function of 2Bime for an Ni Cd battery which
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charging a NN Cd battery, Fig. 4 is a graphical representation show ng the
battery voltage of a NNCd battery as a function of charging tine for six
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sone anonual yconverted in the rectifier block 2 to a 9 volts direct volt-
age. 3 shows a current regulator which supplies current to
the battery to be charged via the terminals 4, 5. The current
from the battery flows via the terminal 5 and the resistor 6
via ground back to the rectifier circuit 2. The current
regulator 3 is controlled via a control stage 8 from a pro-
cessor 7. The processor 7 is capable of measuring current and
voltage by means of an analog/digital converter 9. The charg-
ing current is measured by measuring the voltage drop across
the resistor 6 while the voltage of the battery is obtained
as the difference between the voltages measured on terminals
4 and 5, respectively. The processor 7 is moreover connected
to a storage circuit 10, which is used i.a. for storing mea-
sured current and voltage values as well as the calculated
stop points of time. A regulator circuit 11 generates a
direct voltage of 5 volts from the voltage of 9 volts from
the rectifier circuit 2. The voltage of 5 volts is used for
supplying the circuits 7, 9 and 10. The current regulator 3
is controlled by means of pulse width modulation and the
proceésor 7 controls the pulse width in a manner such that
the desired charging current constantly flows through the
battery. The processor measures the charging current, as men-
tioned, by measuring the voltage drop across the resistor 6.
If desired, the processor may perform the voltage measurement
across the battery in the intervals between the current
pulses. The voltage measurement will then not be affected by
the voltage drop caused by the charging current across the
internal resistance of the battery.

Fig. 6 shows a circuit diagram of an embodiment of the appar-
atus shown in Fig. 5. The blocks of Fig. 5 are shown in
broken lines and are provided with the same reference



19 Figs. 8 and 9 diagrammatically illustrate charging curves at the

begi nning of a process of charging a virgin battery and a fully charged
battery, respectively, Figs. 10 and 11 diagrammtically illustrate

di scharging curves for a virgin battery and a fully charged battery,
respectively, Fig. 12 shows the charging vé?tage curve and the t enperature

curves for a battery whigh i s charged with g constant | qw chargi ng current,
Figs. 13, 147%A8T24SsASWhE1Gharyi F@‘%&%lﬁfrbﬁs" ¢ t9R Aure
curves for theanasfeormett @y azgs wellFiag alZestelf icmrapeoMind carststntnal oy
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's charged W'It(ﬁ C%rglc%%t%%&r es'?:%%e()fa Cciclofn]:perr:.esrgs the resistors RS, R6, R7
and R8 as well as a transistor Q3. When the output terminal
Pl1.1 of the processor has a high output signal the transistor
Q3 will be in conductive state via the voltage divider com-
prising resistors R7 and R8. Current will hereby flow through
the voltage dividers RS and R6 causing Q4 to assume a conduc-
tive state whereby current is supplied to the battery. When
the output terminal P1.1 of the processor is low the transis-
tor Q3 as well as the transistor Q4 will be in a non-conduc-

tive state and no charging current is fed to the battery.

The analog/digital converter 9 comprises the integrated
.circuit IC2 as well as the resistors R2 and R3 and the smoot-
hing capacitors C4, C7. The measured voltages which are
indicative of the battery voltage and the charging current,
respectively, are converted to digital information in the
integrated circuit IC2, and this digital information is
passed further on to the terminals Pl1.2 and P1.3 of the
processor.

In this embodiment the processor circuit ICl comprises the
processor 7 as well as the storage circuit 10. Further, the
capacitors Cl, C2 and C3 as well as a crystal X1 are con-
nected to the processor. Otherwise, the mode of operation of
this processor circuit is generally conventional.

The regulator circuit 11 comprises the integrated voltage
regulator IC3 as well as the capacitors C5 and C6. This
circuit supplies a direct voltage of 5 volts to the circuits
ICl1 and IC2.



val ues, the chargi ng processes being controlled in accordance with a
preferred enbodi mrent of the invention, Fig. 21 shows the charging voltage
curve, the tenperature curve and the charging current curve for a N ckel
Metal Hydride battery which is initially charged with a high charg- ing
current, Fig. 22 is a block diagramof a bd0tery according to the

i nvention, Fig. 23 shows fhe discharging voltage curves for each cell in a
Ni Cd battery i%%ﬂ&ﬁ?%ﬁd’%ﬁﬂ% &?%d?’%ﬁ%g?:o atter cehetReY Lhrient,
Fig. 24 il usiedides]l ac odntdleds sadltayegsprasess maimtaini viget chabging
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20 Figs. 26, s%ﬁ&%&%lg!f JH&%frPd AP ATy S NYe: %ﬂbiﬁfﬁf&ﬁs egRoghggpnt s of
a battery systens accordi'ng to the invention. Fig. 1 shows a typica

char gi ng seqi@td®dHr an N Cd battery. The curve shows the battery voltage
as a function of time

When charging a rechargeable battery in accordance with the
present invention as described herein the charging process
may be controlled so that the voltage measured across the
battery terminals during "the remaining charging period" is
kept at a congtant value when a predetermined maximum voltage
value Vmax has been reached. Vmax for a certain type battery
may be determined as described above.

However, some batteries will never reach the predetermined
value Vmax determined for this type of battery in question.
This fact may be due to various defects or anomalies of the
batteries. Fig. 7 shows charging curves for such anomalous
battery. During the first period of the charging process the
charging curves follow the normal courses as shown in Fig. 3.
However, the voltage curve flattens out at a voltage V’ which
is lower than Vmax. Therefore the stop point of time for the
charging process cannot be determined based on the time when
the charging voltage reaches Vmax. In such case the maximum
charging voltage may be determined in a different manner. As
an example the battery voltage may be measured at predeter-
mined time intervals, and the measured values may be com-
pared. If the measured battery voltage has not increased
during the last successive measurements and Vmax has not yet
been reached, the last measured voltage may be defined as the
maximum voltage, V', for this battery and a remaining charg-
ing period may be determined starting from the point of time
at which Vv’ was first measured.

Fig. 8 shows typical first charging curves when test charging
a virgin battery, and Fig. 9 shows corresponding charging
curves when test charging a fully charged battery. When a



with a constant charging current. The overall curve shape will be the sane
for .all NiCd batteries but the specific voltage and tinme val ues may vary,
for exanple with the actual charging current and frombattery to battery.
The curve nmay be divided into regions representing various stages in the
charging process. Fig. 1 indicates four red?bns whi ch are marked A, B, C,
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before the initiation of the actual charging process, the
battery may be exposed to a test charging programme in which
the battery is charged for a short period of time in accord-
ance with a normal charging process as described above.
However, the starting charging current must be relatively
low, for example in the range of 1C/h, and then increased to
a higher value which can be in the range of 4C/h, C/h being
the so-called C-rate. After a short predetermined period of
time, for example a few seconds, or when the voltage across
the battery terminals reaches Vmax, the charging process is
stopped. The battery is discharged with a relatively high
discharging current. Fig. 10 diagrammatically shows discharg-
ing curves for the virgin battery charged as illustrated in
Fig. 8..Fig. 11 diagrammatically shows discharging curves for
the fully loaded battery charged as illustrated in Fig. 9.

Fig. 8 illustrates that a virgin battery will reach the
battery voltage Vmax within a very short period of time, for
example less than 10 seconds. However, the charging current
accepted by the battery is very low. Consequently, as shown
in Fig. 10, the virgin battery charged in accordance with
Fig. 8 may be fully discharged within a very short period of
time, which in the example is less than 1 second. When a test
charging to which a battery is subjected results in curves
gimilar to those of Figs. 8 and 10, the control system of the
charging apparatus may be instructed to treat the battery as
a virgin battery, and during the following charging process a
relatively low, almost constant charging current, for example



regions C and D, and the voltage has thus reached its highest value or peak
value. If the charging process is continued in the region D, the battery

voltage will drop because the electrical energy is now generally converted
into heat. The resulting increase in tenperature and pressure wll cause
destruction of the bat- 21 tery whose cd aC|ty I's thus reduced.
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on the fact thatili theababeeryf dmcHardebtto tited fukEh ¢apacity he curve may
vary somewhat in response to the charging current used and the "charging
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vari ous charWhag pessinger allys lgadad hatktemyiths Wl@mgaE G ost cthes
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cal cul ate Orcharging current supplied to the fully loaded battery
increases very rapidly. When discharging the fully loaded
battery during the testing, a high, nearly constant current
flows from the battery within the testing period, and at the
same time the battery voltage will be rather constant as is
shown in Fig. 11. When the test charging of a battery results
in curves similar to those of Figs. 9 and 11 the charging
system may be instructed to treat the battery as a fully
charged battery which means that the charging process is
stopped.

As an alternative, the rates of change of the voltage curves
may be measured during the charging and the discharging
tests. By comparing the measured rates of change of the
voltage curves with reference values the start conditions of
the battery can be calculated, and a charging process can be
selected for the battery being tested. If necessary, the test
programme may involve severallsubsequent charging and dis-
charging periods in order to obtain the desired information.

When selecting an ideal charging process for a battery it is
necessary to have a get of reference parameters for the type
of battery to be charged. Thus it is desirable to have a
method of determining or selecting a set of reference parame-
ters for a new type of battery.

These parameters may comprise of the battery voltage, the
charging and discharging currents, the inner and outer tem-
peratures of the battery, and/or the chemical reactions
within the battery cells.



determ ne how | ong charging of the battery should be con- tinued and
thereby the optinmum stop point of tinme for the charging process, after
havi ng neasured the slope of the curve at a given nonent. If this
calculation is performed at several consecutive nonents, a correspondi ng
nunber of propo- sals for the optimumstop3goint of tine will be obtained.
Fig. 2 shows an exanpl e where, three neasurenents :{%dger- formed. A

remai ni ng ch& Rf RPT IPLLAAL | RATANRLLTSE L BALCSHY ntemper i ne
T1, a renai nizvgrudeangidty yies ik oty chad just dbeen afwlllwt chaegedj nt of tine

T2 and a re ar P 13 1S t t of
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preci sel y t hémemmtummb} ,increasetand the l@%lttmﬂ:‘ntmwsb@pd@f nts
of time wll 1y be slightly different with a consequent nunber of

proposals for 'stop points of tine. In the enbodi nent of the invention
described here, it is decided to cut-off the charging process when the

first one of MhewRd:r Wdikshsiip Tam) 61006%) | Fr 0 QdStesy N6F @n unknown
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time last calglaied, dd diirged with a relatively low, almost constant
charging current for a relatively long period of time (sev-
eral hours) in order to secure that the battery is fully
charged. When the battery has been charged it may be dis-
charged over a relatively long period of time in order to
test whether it was actually fully charged. If not, a new
charging process is started with a higher charging current.
If yes, a new charging process isg started with the same
charging current, but this time the charging period of time
will be shorter. When this charging process is terminated,
the battery is again discharged in order to determine whether
the battery has been fully charged. If yes, a new charging
process with the same charging current but with an even
shorter charging period of time is initiated. If not, a new
charging process with the same charging current but with a
longer period of charging time is initiated. These charging
and discharging processes will continue with the same charg-
ing current and with new periods of charging time until the
minimum charging time, t(100%), where the battery is just
fully charged, has been found. When measuring the temperature
of the battery at t(100%), Temp.(100%) can be found for this
type of battery and for the given charging current. By measu-
ring the voltage across the battery at t(100%), the value of
V(100%) can be found. Fig. 12 shows the course of the voltage
and temperature values for a typical charging process in
which a relatively low charging current is used. In Fig. 12
the charging current is 2C/h, and the points Temp. (100%) and
V(100%) are indicated on the charging voltage and temperature
curves shown.



22 possible, for exanple, to disregard sone of the values calcu- |ated

first if all the subsequent cal cul ati ons gather around a specific value. As
mentioned, Figs. 1 and 2 show the voltage across the battery as a function
of time when a constant charging cur- rent,i,s used. A corresponding typical
curve will result if the charging current is plotted as a function of tine
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s 1s controlled so that the voltage is maintained at a
substantially constant value during the rest of the charging
process when Vmax has been reached, the charging process
being terminated when a predetermined period of time has
lapsed, starting when Vmax is reached.

In order to determine Vmax for a new type of battery the
battery may be charged with an almost constant charging
current which is slightly higher than the charging current
used in the above example to determine the temperature

Temp. (100%) . The rate of change of the voltage curve is
measured and compared with the temperature of the battery. If
the voltage rate of change is positive at Temp. (100%) a new
charging process is initiated with a new, slightly higher
charging current than the previous current. This process is
repeated until the measured voltage rate of change at

Temp. (100%) becomes zero or slightly negative. This procedure
is illustrated in Fig. 13 for a charging current of 0,5C/h
and in Fig. 14 for a charging current of 1C/h, when using the
same battery as in Fig. 12. The measured value of V(100%) for
a charging process where the voltage rate of change has just
become zero or slightly negative will be a good measure for
the value of Vmax for this type of batteries, and the
selected value of Vmax should be selected rather close to
this measured value of V(100%). Other methods could be used
in determining the value Vmax.

Fig. 15 illustrates a controlled charging process according
to the present invention for the same battery as in Figs. 12-
14 when using a maximum charging current of 4C/h and a maxi-



second. For each neasurenent a remai ning charging period and thereby a new
proposal for a stop point of tinme is calcu- |ated. The processor can then

either store this value together with the others, or it can incorporate it
in a nmore sophisticated cal cul ati on of when_the charging pro-cess is to be
term nat ed. Anot her enbodi nent conpri ses p?%storing a limted nunber of

reference val ues for the slope of _the curve, Ln _eac - . t
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because the %ﬂ%&evgﬁﬁﬁsnﬁﬁf leﬁg%dFTi determining characteristic charg-
ing parameters to be used in a controlled charging process,
including alternative ways of calculating Vmax.

According to another embodiment of the invention, the refer-
ence parameters to be used in a controlled charging process
may be determined for each battery or for each type of bat-
teries by using a first analysing charging process followed
by a second analysing charging process. As the battery may
comprise several battery cells, the analysing charging pro-
cesses may also be used in order to determine reference
parameters for each cell of the battery.

The first analysing charging process is illustrated in Fig.
16. During this analysing charging process a maximum battery
charging temperature difference AT is determined by supplying
a relatively low, almost constant charging current for a
relatively long period of time and surveying the battery
temperature and/or the battery terminal voltage. The first
analysing charging current should be so low that no substan-
tially increase in the battery voltage is detected for the
first six hours of the charging process. However, the charg-
ing current should be high enough to ensure a rise in battery
voltage after about 10 hours of charging, and the charging
current should pfeferably be around 0.1 C/h, although the
exact value of the capacity of the battery may not be known
at the time when the first analysing charging process occurs.
If the value of the first analysing charge current has been
chosen so that the above mentioned requirements of the bat-
tery voltage is not fulfilled, a new value of the first
analysing charge current should be selected, and the



vol tage drop invol ved by the charging current across the internal
resi.stance of the battery. Since this internal resistance typically

i ncreases at the end of the chargi ng sequence, a voltage neasurenent

wi thout this contribution will be a nore aggurate nmeasure of the state of
the-battery. As nmentioned before, reproducible curves will be obtained even
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val ue. measured battery temperature. It is also to be noted that no
further increase is detected for the battery voltage when the
battery has obtained the fully charged condition. If a tem-
perature sensor is available for each cell of the battery,
the maximum charging temperature difference may be determined
accordingly for each cell of the battery.

It is a further aspect of the invention to provide a method
of determining the real value of the capacity of the battery
to be charged. This is also done during the first analysing
charging process by determining a first charging stop point
of time t(capacity)) at the time when no further increase in
the battery temperature and/or battery voltage has been
detected for a predetermined period of time involving at
least two measurements of the battery temperature and/or
voltage. Alterﬁatively, t (capacity) may be determined as the
point in time where the change in battery temperature and/or
battery voltage has decreased below a predetermined level for
a predetermined period of time. By calculating the power
supplied to the battery during the first analysing charging
process until the time t(capacity), which is equal to the
time when the battery has been fully charged, the real value
of the capacity of the battery may be determined.

The second charging process is illustrated in Fig. 17. During
this analysing charging process a maximum battery terminal
voltage is determined by supplying a second, almost constant,
analysing charging current to the battery with the second



Fig. 3 shows typical charging curves obtained in accordance with an

enbodi nent of the nmethod according to the invention when charging a N Cd
battery. The voltage curve shows the 24 battery voltage as a function of
time, when the voltage supplied to the bat ?ry is controlled in accordance
with the invention in order to obtain an d% I rum chargi ng current curve and
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battery invohygd; apd LAY %! L AECHAGL A% HAR R Phhrding temperature
difference AT which has been determined during the first
analysing charging process. If the terminal wvoltage is sur-
veyed for each cell of the battery then the maximum terminal
voltage may be determined in the same way for each cell of
the battery, either at the maximum battery charging tempera-
ture difference or, if the temperature is surveyed individ-
ually for each cell, at the maximum charging temperature
difference of the cell.

Figs. 18, 19 and 20 shows the charging curves for a NiCd
battery when the charging process is controlled in accordance
with the results obtained during the first and second
analysing charging processes. Thus, the real battery capacity
value determined during the first analysing charging process
may be used when determining the charging current supplied to
the battery during the first part of the charging process. In
Figs. 18, 19 and 20 this charging current is equal to 2, 3
and 4 times the C-rate, respectively. During the charging
process, the battery terminal voltage is surveyed and when
the maximum battery terminal voltage Vmax determined during
the second analysing charging process is reached, the charg-
ing process is controlled so that the voltage is held con-
stant during the remaining charging process. At the time Tmax
when Vmax is reached a remaining charging period may be
determined in accordance with the previous discussion and the
charging process may be terminated when this remaining charg-
ing period has lapsed.

However, the remaining charging period may also be determined
in dependency of the value of Tmax, and in a preferred embod-



creases only slowy. In the Cregion the battery approaches its state of
full charge and in order to nmaintain the nmaxi mum charging current the

vol tage across the battery begins to increase nore rapid- |y until the
vol tage across the battery term nals reach§§ t he predeterm ned maxi num
Vmax, which may be different for dif- ferenl types of batteries and which
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tenperature increase is rela- 25 tively | ow keeping any destructive
effect caused by the charging current to the battery cells at a m ni num
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period is detRaghifg cWheentUalRy HEIsHREYE® @md the charging process

- may be terminated when the measured rise in temperature
equals the maximum battery temperature difference determined
during the first analysing charging process. Alternatively,
the charging process may be terminated when no further
decrease in the charging current has been detected for a
predetermined period of time during the remaining charging
pericd. This is illustrated in Fig. 21 which shows the charg-
ing curves for a Nickel Metal Hydride battery which is
initially charged with a very high charging current. In this
case, Vmax is reached very early and the charging process is
controlled so that the battery terminal voltage is held
constant at Vmax, resulting in a decrease in the charging
current, and the charging process is terminated when no
further decrease has been detected in the charging current.

As mentioned above the battery may comprise several battery
cells. These cells are connected in series and the resulting
battery voltage depends on the number of cells within the
battery. However, the characteristics of the battery cells
may vary from cell to cell within the battery, and in order
to obtain almost full control of the discharging and charging
processes of the battery, it may be convenient to be able to
measure the voltage and/or temperature of each individual
cell during discharge and/or charge of the battery. Thus, it
is an aspect of this invention to provide a battery having at
least two battery cells and having means for measuring the
voltage of each cell. The battery may further comprise infor-
mation means for storing the measured cell voltages, and in a
preferred embodiment of the battery, each cell is also pro-
vided with a temperature sensor with the measured temperature



ing period starting at Tnmax has | apsed the charging process is being

term nated. The charging current fed to the battery is controlled by pul se
wi dt h nodul ati ng a constant voltage source. The voltage curve shown in Fig.
3 represents a process of charging a NN Cd Qgttery which is nearly unl oaded.
Fig. 4 shows six simlar voltage curves V1°F V6 representing differ- ent
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plurality of dif- ferent starting charge conditions of the battery may be
stored in an _electronic nenory. By conparing the cqourse of the actual
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respect to the cell showing the largest drop in cell voltage
when the battery is being discharged. This is illustrated in
Figs. 23 and 24 which shows the discharging curves for each
cell in a NiCd battery having 6 cells and being discharged
with a constant current. In Fig. 23 the overall voltage of
the battery is used in order to stop discharging of the
battery allowing at least one of the cells to obtain a rela-
tively large voltage drop and thus being discharged to a very
high degree. As a result, this cell may not be fully charged
when the battery is subéequently being re-charged and the
capacity of the battery may decrease. This may be avoided by
the discharging process shown in Fig. 24, where the discharg-
ing process is controlled so that the discharge of the bat-
tery is.terminated when the first of the cell voltage curves
drops to a predetermined level. This level might be in the
range of 0.8-1 Volt.

Similarly, the maximum cell voltage will not be reached at
the same time during a charging process. This is illustrated
in Fig. 25 which shows the cell voltage curves for each cell
during charging of a NiCd battery. Here it may be observed
that one of the cells reaches the maximum cell voltage before
the other cells and in a preferred embodiment of the present
invention the remaining charging period of the charging
process should be determined at the point in time when one of
the cell voltages first reaches the maximum cell voltage.



curve and the "remaining charging tine" associated therewith may be
determ ned. The slope of the voltage curve may be neasured currently, for
exanpl e every tenth second during the charging process. For each
measurenent a conparison is made with the stored refer- ence slopes and a
new.proposal for a "remaining charging 20 tine" is determined. Wen the
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Figs. 3 and éfwithe dattediy @Y aaiehlss cdieridata ecyntyprrindh@aeicar sash

m ght as a microprocessor as shown in Fig. 27. Fig. 28 shows an
embodiment wherein a charging controlling device is included
within the information means 41 of the battery 40 and in this
case, the battery 40 only needs to be connected to a power
supply 44 which is controlled by the information means 41 of
the battery.

It should be understood that the above described first and/or
second analysing charging processes may be used in connection
with a battery according to the present invention wherein
measured data and parameters may be determined and/or stored
within the information means of the battery. Alternatively,
data may be collected by a computer system which will supply
the characteristic parameters to the charging apparatus
having a memory for storing these parameters.

It should also be understood that the above described methods
of the present invention are not valid only for a single type
of batteries such as Nickel Cadmium batteries but should also
be applicable for other types of re-chargeable batteries such
as for example Lithium batteries and Nickel Metal Hydride
batteries.



be of different appearance and for sonme of themthe correla- tion between
the time for reaching the voltage Vnax and the opti mum remai ni ng chargi ng
time will not necessarily be associated with the sl ope of the voltage curve
in question, but with other paraneters of the curve, such as the absolute
vol tage at the nonent concerned. The nore 6%raneters measured and stored,
the nore sophistigcated determ nations can be made in order to determ ne the
optinun1rena?%§ha&%harging time. A further enbodi ment of the nethod
according to the invention resulting in charging curves of the type shown

in Figs. 3 aRd 4 GRIENd i I éﬁ%ﬁ i t.
together with rréasur.i rﬁié{%ﬁfe s_i o%éu% % %é}%l%%%bié%r%e 12#1 lﬁ]e l)rfigall rf‘tgjgmfr
vol t age VWBXQQSQQﬁﬂﬁﬂéiSdl$%ﬂﬂﬁ@§ﬁﬁﬂﬁﬁQRﬁﬁriqu@oltage together with the
sl ope of the vol iReettivg &M 1RdHIEYAO RSk | SoBrdo Mo | td £ of
detern1nat|onhpf]th§ %%%lnun1renaln|ng charging tinme. The voltage curves
shown in Fig§.e3 € Yrave been pl otted by neasuring the voltage across
the battery ter mswaiveydngn thiee viadhiee and Sobhaoursdofjal. 1ddmevate clrarac-
f‘: ;gr gat ! Vg"?l%%%%ds'tité 'Heraniet dr® Pl el IR S84 &EPInd T4 €11 dasECh
part of the process of charging the battery,

comparing the value and/or course of said at least one
charging parameter with corresponding values and/or courses
of stored reference parameters representing idealistic or
desirable charging processes for different types of battery
and/or different battery conditions,

selecting based on said comparison one of said stored
sets of reference parameters, and

controlling at least part of the process of charging the
battery on the basis of one or more reference parameters of
the selected set.

2. A method according to claim 1, wherein a first character-
istic parameter is controlled during at least part of the
process of charging so as to obtain a predetermined desired
courgse of a second of said characteristic parameters.

3. A method accbrding to claim 2, wherein said first parame-
ter is the charging current while said second parameter is
the charging voltage.

4. A method of charging a rechargeable battery having a pair
of terminals, said method comprising

connecting the terminals of the battery to an electrical
power source ,

initially test charging the battery by supplying a first
test charging current to the terminals of the battery for a
short first period of time,
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vol tage neasurenent is perforned. A quite simlar curve |smp§1@¢tmﬁdsdemkmt

manner, but the absolute voltage values will be slightly |o
curve does not include the voltage drop involved by the char

across the internal resistance of the battg*y Since this
resi stance typically increases at the end t he chargi ng sequence a

vol t age neasureq$g%r uf ..t t b a

nmeasure of the s &%¥H§h%r6§%$%ﬁ9£ﬁ§ Q?h%ggﬁggé#ﬁeﬁ?gt ?ﬁgﬁgE ove th
measur enent asheduring parehefc QetﬁakeghﬁraééglErPﬁésﬁoprﬂan mmﬁ.
At each neasgherest, point of time, i.e. for exanple every tenth second t he

vol tage of the battery is asured,,and then an_el oni c roces

store this vol t &P %%%ﬁ%nF t%?%rdlﬁ. aE$?E%|FheTﬁ§EB?5¥e 5ratﬁ§ﬁ zt)"
cal cul ates teecmhdfpeehoe betvdme, t hi s val ue just neasured and, for
exanpl e, the val ur gd econd o] '
difference is Lléé?déy §§J$§§%$P¥ﬁ€ é? 1898 §ﬁ§ gﬁ?gedgggphgbgnﬁe
questi on. |rpa¢amehenn@uran9eatvheeetoparheoglbpe EﬁB@hdh§§h§§§nnSE@§@red

over a peri qsbg éPraEXéHB|§n80tﬁ§£QBES i s obtained every ten seconds. To
prevent the voltaq%eneasurenents rom bei ng af f ect ed transients_and the

li ke the vol t ageS$LePh b0gF| Jer@ERiRiRT 1@ cROHEPE PFeHééHFPy°ff 8t &Ra875 e
100 times, hsigechatfihgOpatifetét dbaBadubanNBaidpsuiieyel o Meastaehedlts
these inter- of the test charging and/or discharging processed, and
subsequently at least partly charging the battery sub-
stantially in accordance with the course or values selected

for said at least one charging parameter.

5. A method according to claim 4, wherein the battery is test
charged by applying a predetermined test charging voltage to
the terminals of the battery, the charging current, the
discharging current and/or the temperature of the battery
being surveyed or measured.

6. A method according to claim 5, wherein the test charging
voltage is increased gradually or stepwise.

7. A method according to claim 5 or 6, wherein the test

charging and discharging proceed are repeated one or more
times.

8. A method according to any of the claims 4-7, wherein the
test charging current supplied to the battery is relatively
low,

9. A method according to any of the claims 4-8, wherein the
battery is further charged subsequent to said at least partly
charging, said further charging comprising

surveying the value and/or course of a least one charac-
teristic parameter of the charging process during at least
part of the process of charging the battery,
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medi at e neasurenents |s stored by the processor, and at the actual
neasuréﬁmﬂﬁw lacddne t he processor cal cul ates an average of the 100

i nt er medi ts whi ch have been perforned since the |ast

measur e ne When t he charglﬁg process has been term nated as
descri bed above nalntenance charglng of t battery may take place if the
battery is left in the, char

g hi s tg5es pl ace by passln%thrrent ul ses
through the bat t&PHPRFiNgG; E 9aV§*u?h€§ O&r FeRESsuPLe 833 ween
them are ada@haﬂgsughpabametbeywﬁchpen&ah3pbnu1mbevsﬂhbsdamﬁhhmgeou&sbhe

battery whic t I : I 8
exanpl e, havgfa %%ra@ g%&&%éﬁgg g£§§%%%§% angp?%éaﬁifﬂa/ %ggliStﬁ% 5&t ween
t he subsequedesprible ehgrging pracrsses. forgdifforent &ymesclofdbagtaryof

an enbodlnen&ngyofndggggfghgsbaggg&?l@gnhgtggaslnventlon 220 volts are
applied to the éggarat S % means n ordinary p 5%@1 and .t he voltage S

converted in t heS®EREFIRG, DABBEKOD F61Q GOYPRES STy #f gaidystored ons a
current regué@tgrcmhréheggﬁablpargm@teﬁb t andhe battery to be charged via.

the termnals 4, 5. The. currept.from the batt flows via ter,nm.n

and t he re5|stor %ntrofllng aE leasg]part % %5% process oé rglng %he
battery on the basis of one or more reference parameters of
the selected set.

10. A method according to claim 1 or 9, wherein said at
least one charging parameter is selected from the group
consisting of the potential across the battery terminals, the
electric charging current supplied to the'battery, the inner
temperature of the battery, the rate of change of any of such
parameters, and any combination of such parameters and/or
rate of change.

11. A method according to any of the claims 1, 9 or 10,
wherein the process of charging is controlled by controlling
the voltage supplied to the terminals of the battery.

12. A method according to claim 11, wherein the voltage
supplied to the battery is controlled so as to maintain the
electric charging current supplied to the battery at sub-
stantially the same maximum value during a major part of the
charging process.

13. A method according to any of the claims 10-12, wherein
voltage is briefly supplied to the battery prior to the
initiation of the charging process so that charging parame-
ters can be measured, the results of these measurements
determining whether the charging process is to be initiated.

14. A method according to any of the c¢laims 11-13, wherein
the voltage supplied to the battery is controlled so that the
charging current is kept below a lower level during a first
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via ground back to the rectifier circuit 2. The current reg laced
controlled via a control stage 8 froma pro- cessor 7. The

capabl e of measuring current and vol tage by neans of an anal ﬁlH@
converter 9. The charg- ing current is neasured by neasurlng

drop across the resistor 6 while the voltadé of the battery I s obtained as

t he dlfference hetween, the vol t ages ne red o nal s

respectivel yP dprad’éjes"s%rra‘?lﬁ%gn‘b? e%%g%%nﬂ%y%%r%%rglgt%agagea PeLipd
10, which is afsethe .chadgimgtimrocsgssea- sured current and vol tage val ues as
wel |l as the calculated stop points of tinme. Aregulator circuit 11 -
generates a direct voltage of 5 volts fromthe voltage of 9 volts fromthe
rectifier ciAduit 2 metiwd dacerdig to@any 98 thedciaims ppapdng-Lfe
circuits 7, Qraéil)a HEnLiH{fN pdL0sE 8L  clatGit® iR | £ @&té?ﬁﬂﬁe&f on

pul se mﬁdth dul ati,on and the rocessor 7 controls the pu

manner such t basd sy Qf RaLd :RHPIGLIQR (ERRD R (YRS ??oﬂél@hﬁﬁuéﬁa?ﬁe
battery. The guedetfaRiciEaEY RS pé:maéwé:gl AYLELN S emtceﬁsammrédeaeﬂmh;d

measuring the val.tage drop Ss_1 eS| | f, . desiyt [ sor
Ty perf or m SREARR SR et e cletetiohe: € o reLh wPbERES
bet ween t he (hmmtttqmmedr hehen| said revasiningpenidod ofiechimet hae

af fected by M4 age drop caused by the charging current across the
internal resistance of the battery.

16. A method according to claim 15, wherein the remaining -
period of time is determined when the characteristic para-
meter has obtained a predetermined value.

17. A method according to claim 16, wherein the remaining
period of time is determined when the voltage supplied to the
terminals of the battery has reached a predetermined maximum
value.

18. A method according to any of the claims 1 and 9-17,
wherein values of said at least one charging parameter are
currently measured at short time intervals during charging,
the measured parameter values being compared with corres-
ponding reference values, and the relevant set of reference
parameters being selected on the basis of comparison of such
measured values and reference values.

19. A method according to claim 18, wherein the rate of
change of the parameter values as a function of the charging
time lapsed is compared with similar reference values.

20. A method according to claim 18 or 19, wherein the para-
meter values are measured and the rates of change of the
parameter values are determined at uniform first time inter-
vals, each determination of the rates of change being based
on parameter values measured at second time intervals, the
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Fig. 6 shows a circuit diagram of an enbodi nent of the appar- Hset SR Bash R d
Fig. 5. The blocks of Fig. 5 are shown in broken |ines and a{%ﬁﬁs t 1Tl
with the sane reference 29 numerals as in Fig. 5. The rectimm‘“ EH“IHI'
conprises a transformer Tl as well as a rgg;ifier coupling con
éhe f?ur ?lodes Dl,%:\lziéai D3, and D4. The output voltage fromthis block is a
Irect volt ML LS WD BSiRGSSeuPRiblY b8 the EUFEENEih8IYhabey
3 and partlfl%e%&{%e ]_Fegu arf or c#rcu%l?élll. The féurrent regul at or % conpriésegl'
a transistor Q4 and is controlled via the control stage 8 of the processor
;Sl;.i tTP:nglogﬁt%ol étmm &tcac&%h i‘c?%gtﬂé AR léEO{iEeRElaﬂﬁs R7anddoR80as wel |
. r : en the putput ter a .1, of 0¢EeS
hi gh outpyt_@ﬂ%ﬁ@&nt?ﬁ?t?%ﬂﬁﬁ%ﬂ%wcfﬁpﬁfg}Eﬁg Fh %Bﬁdﬁ%??%gQS?gt§8§F28§%§d
vol t age di vigkerpwlhge width nmgodwebatsingsaRéonatiaRe. velitagat saprfeher eby fl ow

through the voltage dividers R5 and R6 causing Q4 to assume a conduc- tive
state whereby current is supplied to the battegg. When t he out put term nal
€a

P1.1 of the 22ocessuethed | avcording atei anyt of slaims A0-2he WhEREIEt or

tQﬁe"""b;'t t 2fyi£hé SO FRDMCioh | §8 shpberabd Be ehahgengscinieiatied theént @
‘measured value of the characteristic parameters exceeds a

predetermined value.

23. A method according to any of the claims 1 and 9-22,
wherein each parameter value is an average of a plurality of
measurements within a certain period of time.

24. A method according to any of the claims 1 and 9-23,
wherein the charging period is restricted to a predetermined
maximum period.

25. A method according to any of the claims 1 and 9-24,
wherein the charging process is terminated if one of the
parameter values measured exceeds a predetermined value for
the respective parameter.

26. A method according to any of the claims 1 and 9-25,
wherein the charging process is interrupted if and when said
at least one value of course surveyed deviates too much from
any of the corresponding courses or values of the stored
reference parameters.

27. A method according to any of the claims 1 and 9-26,
wherein the state of the charge of the battery is maintained
after termination of the charging process by feeding a pul-
sating current to the terminals of the battery.

28. A method according to any of the claims 1 and 9-27,

wherein the battery is subjected to an initial testing prior
to the actual charging process, said testing comprising
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The anal og/digital converter 9 conprises the integrated C|rc4H§ ShedBasBeenRY
as the resistors R2 and R3 and the snoot- hing capacitors 4,

nmeasur ed vol tages which are indicative of the battery voltage m

charging current, respectively, are conver%gd to digital infor ninth e
integrated circuit 1C2, and this digital ormation i s passed further on

brocessor ¢ 12! pebe? BiioThe? R, U AP B UiV S, VN TR, e
circuit 10. Fbargéng chersatadia ¢he Cernghalsl a8 the attery Loy \atshora

are con- neckeedgOehs Jif detite, Ot herwise, the node of operation of this
processor circuit Ps general |y conventional. The regul ator CIrCUIt 11

conpri ses the i nBEEVEYERI Ot BGSSEFAT Bt LeaBt, Ong | festy FHAXr A RATARE T5

and C6. Thi stekrr ati U.e&ldiﬁpldlﬂir@ gareclofvalieagted dhamying iprddesgideuat s

I C1l and | C2. h 30 Th%ﬁﬁ' It described may be used no matter whether it

I s deci ded t8 BofiFolt dltage so as to naintain the charging current at
a substantially esubseguentdyucestr disahangiolg tthee battery for a short,

second period of time, and

surveying or measuring at least one test discharging
parameter during at least part of the test discharging pro-
cess or at the end thereof, at least the first part of the
actual charging process being controlled on the basis of the
surveys or measurements made during the test charging and/or
test discharging process.

29. A method according to claim 28, wherein the battery is
test charged by applying a predetermined test charging volt-
age to the terminals of the battery, the charging current,
the discharging current and/or the temperature of the battery
being surveyed or measured.

30. A method according to claim 29, wherein the test charging
voltage is increased gradually or stepwise.

31. A method according to claim 29 or 30, wherein the test

charging and discharging procedures are repeated one or more
times.

32. An apparatus for charging a chargeable battery, said
apparatus comprising

connecting means for connecting the battery to an elec-
trical power source,

means for surveying the value and/or course of at least
one characteristic parameter of the charging process during
at least part of the process of charging the battery,

storing means for storing a plurality of the values
and/or courses of reference parameters representing idea-
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current during charging of the battery so as to maintain a pidsHed flad Bdeh Replaced
constant voltage, or conbinations of such nmethods. Wen char

rechargeabl e battery in accordance with the present inventio II!E ﬂﬂﬁm
herein the charging process may be contror%ﬁg so that the vo

across the battery term nal s during "the r |n|ng chargi ng period" |s kept

at a constany I e a ol

been reached sz1§ ‘é"?ggsa,g%)g F’ég‘glglgt er \ébftoggt el\rgr?telr%geél ¥ of
descri bed abbaeterwmenéforsdmﬁfbaenerbestwrwlCmaﬁemlﬁEEbh t he predeterntned
val ue Vmax detergipsd £8% EBin gaﬂﬂﬁl Efxeb%&ﬁEaYaha/%'ie%Hu@ée TJ]E' %a:L@CTatmay

be due to various defects or anomali es of the batterres ﬁﬁ% shows
char gi ng cur Y888k opPne chazgdrg pasapetes: yithuthey 4Rﬁ|99yqﬁe%rua

charging pr oeessnéhsteheag h:‘@ﬁe@‘éh\tés p&@hh@t{eﬁ:leeam rmir CRIVAAS A LelE@a o
Fig. 3. However, the voltage curvg at.t ens _out aoﬁ%ﬁé%%%\f which is
p 0

| ower than Vﬁﬁ}d ?ﬂ@?@F&P@ fBesP sB&Pn?t8F %&ﬁ%ﬂfﬁﬁﬁgﬁess

cannot be detersj naddbased on the tinme when the charglng voItage reaches

viax. L such caigahbecBRX LENLERALaLNac! FLhaRe i e diie el B

di fferent manner. an exa ery vo e nmay
predet er- ni BArging Fhﬁeb@&F?rYam} the hagisr of waeuef moroacef@renss ed.

I'f the neasupgdahatbesyotokhadaeiaztaal secreased

33. An apparatus for charging a rechargeable battery, said
apparatus comprising
_ connecting means for connecting the battery to an elec-
trical power source,

means for initially test charging the battery by supply-
ing a first test charging current to the terminals of the
battery for a short first period of time,

means for surveying or measuring at least one test charg-
ing parameter at least during part of the test charging

... process or at the end thereof,

means for test discharging the battery for a short,
second period of time,

means for surveying or measuring at least one test dis-
charging parameter during at least part of the test discharg-
ing process or at the end thereof,

means for selecting or determining a course of at least
one charging parameter based on said surveys or measurements
of the test charging and/or discharging processes, and

means for controlling the process of at least partly
charging the battery substantially in accordance with the
course selected for said at least charging parameter.

34. An apparatus according to claim 33, wherein the means for
test charging the battery is adapted to apply a predetermined
test charging voltage to the terminals of the battery, the

surveying means being adapted to survey or measure the charg-

e



during the last successive nmeasurenents and Vmax has not Yy

&8 Bad fced
the | ast neasured voltage nay be defined as the maxi num vo ,
this battery and a remining charg- ing period nmay be deterﬂ“&umHmﬂ L
fromthe point of tine at which V was firib measured. Fig. ical
first charging curves when test charging a*Virgin battery, and Fig. 9 shows
correspondi ng_char.qi curyes en .test | r .
When o 518G EaRyense e SRR nd, el Radlor SO bR
tine after tof bhet begtieay.been stored for a long time with- out charging,

the chem cal reactions which nust take place within the battery during the
charging process are rather slowto start with. For such batteries, the

control I ed hit§h A% PPRATETNESYEATFFHRE £USF DA R 3 nEhe HePRfsed.

For such "vi cghirghabt sleads’ ilhadbimidl b Nmaestsd achd cdstkeciavgingv th a
relatively | ow, talrmst §%2§h3€t current, supplied to the battery for a
relatively Igﬁ& BgFiSEa g 9 N9 secure that the battery is fully

charged. Therefore, before the initiation of the actual charging process,

the battery gy bg exRee%Y et dnf HonflA HIdY LI AN TFedth dbfltery
including a pair of battery terminals and information means
for containing information about the battery, and

a charging apparatus including a pair of charger ter-

minals, means for releasably interconnecting the battery and
the charging apparatus so that the battery terminals are in
electrical conductive contact with the charger terminals, and
information receiving means for receiving information from
the information means of the battery, whereby the charging of
the battery may be controlled based on said information.

37. A battery system according to claim 36 further comprising
control means for controlling the charging process based on
the information received by the information receiving means.

38. A rechargeable battery for use in a battery system accor-
ding to.claim 36 or 37, said battery comprising a pair of
battery terminals and information means for containing bat-
tery infofmation in a form which may be sensed or read by
suitable information receiving means of a corresponding
battery charging apparatus.

39. A battery according to claim 38, wherein the information
means comprises an electronic memory for storing the battery
information.

40. A battery according to claim 38 or 39 wherein the battery
information comprises information about the type of the
battery, the capacity of the battery, other specifications of
the battery, charging status of the battery, the condition of
the various battery cells, the last charging process, the
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the battery is charged for a short period of time in accord-

normal chargi ng process as descri bed above. However, the star
current nust be relatively low, for exanple in the range of 1
increased to a higher value which can be i the range of 4C h, .
the so-called Grate. After a short predefginined period of time, for

exanple a f sec or.when_t ol e o] S
reaches Vnagﬂé?%e tﬂ%?@f%bn%r85%§§s¥ E gp%e . §%r£§ ?3?%8?% g?%%LE%E
with a reIatlastychag@ldgsané/grnglsqhaggnngFPQOCQESdl§§ﬁ§§#§9l@é¢ﬁ?

di schar g- '391% YEYElind O o)l £HENiRALLARY BHAEERY BFebbhwetrated in Flg
8. Fig. 11 ranmat| ca y shows di scharging curves for the fully | oaded
battery charged as illustrated in Fig. 9. Fig. 8 illustrates that a virgin

battery willafg eaﬁhbéﬂeeﬁﬁtéééﬁrdﬂhé‘aﬁa YIaimwaphor aweuw:nbm compriied nof
time, for exa

secon g cur rent
accept ed by ? ﬂit@?ﬁn?sPQEr9°P5ﬁ9925ﬂgegﬁs P?&gas sﬁ%%n%% Fig. 10, the
virgin battery charged in accordance with Fig. 8 may be fully dlscharged

wthin a VerXZSth%aeﬁéfg aQE?Lhaﬁg E@iﬁga&ﬁ khe @havehf ikhe %%ht&@ﬁﬁ 1

second. Wen a‘tes attery is subjected resul t
curves sim | means aneséd@ptedggo goakaolo ChargingnfoAne)y, s ‘of
chargi ng appgpat HﬁtEEi‘yb?n' Béébaﬁéed tho théeahfb&ﬁ\alaabhe &*ecﬁs.vmnfmm the

battery, and durin foll owng chargin rocess a
y 1nformgt10n means. 9 ging p

43. A battery according to any of the claims 39-42, further
comprising an electronic display for displaying information
from the memory.

44. A method of determining a process of charging a
rechargeable battery having a capacity C, said method com-
prising |

test charging the battery by supplying a relatively low
charging current to the battery for a certain period of time,

determining a maximum value for at least one of the
charging parameters comprising temperature, inner pressure,
and charging or terminal voltage of the battery and/or cells
thereof, and

controlling a subsequent charging process so as to avoid
exceeding the maximum.value or values determined.

45. A method according to claim 44, wherein the maximum value
for the battery and/or cell temperature is the difference
between maximum and minimum temperatures during the test
charging in said certain pefiod of time.

46. A method according to claim 44 or 45, wherein the test
charging current supplied to the battery is 0.1-0.3 Cc/h,
preferably 0.2-0.25 C/h, C/h being the C-rate.




relatively low, alnpst constant charging current, for exanple 32 in the
order of 0.2 Ch, wll be supplied to the battery until the Been Replaced
charged to its full capacity. Wen testing a fully | oaded ba , ﬁﬁl

vol tage across the battery terminals reaches Vmax within the

time as a virgin battery as shown in Fig.539. However, contrary to the
charging current supplied to the virgin battery, the g%?r N ur r ent

suppl i ed t 04The & MEHRAh ARGPIHDE P | PG AL Erir d %?ngﬁclé‘ﬁ est

di schargi ng ch'&@:gfiflﬂld )bdx?@iﬂﬁ éﬁﬁfﬂlﬁréd it i tige thet tesy i by, 0 7%+ yhS @ébyly
constant current ws fromt att W fhin ealt Lng period, and at
the same ti We&ﬁgaéﬁﬁ &RPYo 11 '\MCF}I’IYb%eJr%? h%tﬁgc%ng%%ént as is shown in
Fig. 11. Wen the test charging of a battery results in curves simlar to

those of Fi g% 3 Jlrbh %G00l e, SYBLER I PetORh T Ut oflakonbibCoa1Lbe

r
battery as a fu arge ) means -t hat _the chargin E&ocess S
st opped. As ofn thie atheging amdeminabivelage 7 dateBIrgdca8ulies nay
be nmeasur ed pglugiinifin WL Btch Bk tiigesli €66 2¢ €60 JchaBying Byuepener hag t he
nmeasured rates of change of the . . .

been supplied to the battery for a certain period of time.

49. A method according to any of the claims 44-48, wherein
the battery is at least partly charged at a slow rate and
subsequently discharged at least once prior to said test
charging and determining the maximum value for said at least
one maximum parameter.

50. A method according to any of the claims 44-46, wherein
the relatively low test charging current is supplied to the
battery for such a long period of time that a rise in at
least one of said charging parameters, such as battery or
cell temperature, has been obtained and no further essential
parameter change has been detected.

51. A method according to claim 50, wherein a first charging
stop point of time is determined when no further rise in
parameter value has been detected for a predetermined period
of time.

52. A method according to claim 51, wherein a capacity value
of the battery is determined by calculating or measuring a
total first charging power supplied to the battery during
test charging until the first charging stop point of time is
reached.

53. A method according to claim 52, wherein the charging
parameters for which a maximum value is determined comprises
‘the charging and/or terminal voltage of the battery or cells
thereof, said test charging comprising a second test charging
process wherein the battery is being charged by a second test
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vol tage curves with reference values the start condltlons of the bat

can be cal cul ated, and a chargi ng process can be sel ected f B h“m
bei'ng tested. If necessary, the test programre nay invol ve s u “
subsequent chargi ng and dis- charging periods in order to ob

desired i nformati on. Wien sel ecting an ideat charging process for a battery

It IS necessary to have a set of referen ara rs for of
battery to b%h%ﬁ%%ﬁgdcuTﬁﬁ§tlWhF§hdé§|?Hgﬁggpﬁ %3@ £WEh 8 5%%5§t§?ﬁ@hing
or sel ectingpasé@t onf thef eapacttparvaiae teterimined wewmeasared.battery.
These paraneters may conprise of the battery voltage, the charging and

di scharging currents, the inner and outer tem peratures of the battery,
and/ or the ceni Bametbadt acnerdingi bot k3aBax B3ny wheredn the3magiaugy t he

most i mport {: Béﬁéﬁthe&é%bﬁ& gaPakt eh¥ LVeIRAGd ddsirelde A cirides b Malttietryh

j ust been fu 00% . Wjen char ing further f this 0|nt
t he bat - ter9rtéﬁ%érgﬁﬁwénﬂﬂﬁlaFnEP@a?ngﬁdOFhé %Ff%ﬁ;? é%? ép
I'n order to Béﬁﬁuﬁémﬁéﬁatﬁkgoﬁhsfth&eh@bﬂewW'@hxﬂtdﬂﬂﬂanmmce between

maximum and minimum temperatures determined during test

charging.

55. A method according to any of the claims 44-54, wherein
the battery is substantially discharged before initiating
test charging.

56. A method according to any of the claims 53-55, wherein

the battery is charged with a substantially constant
charging current during part of said subsequent charging
process, said substantially comnstant charging current being
several times the C-rate based on the capacity value deter-
mined or measured,

the voltage(s) of the battery or cell terminal(s) is
(are) surveyed, and

when the maximum terminal voltage of the battery or cell
has been reached at time Tmax, the charging process is con-
trolled so as to maintain the battery or cell voltage sub-
stantially constant for the remaining period of the Charging
process.

57. A method according to claim 56, wherein the battery has
at least two cells, the voltage of each cell of the battery
being surveyed, and the remaining period of the charging
process being controlled based on the voltage of the cell
having a voltage first reaching the maximum cell terminal
voltage.

58. A method according to claim 56 or 57, wherein the stop

point of time of the remaining charging period is determined
by surveying the charging current, and when no further

[




type without having to nuch influence fromthe heat dissi- TReSRE HaBLd Replaced
series resistance within the battery, the bat- tery may be
relatively | ow, alnobst constant charging current for a rel aﬂi Eﬂ lgnu m
period of time (sev- eral hours) in orderé%g secure that th

fully charged. Wen the battery has been rged it may be di s- charged
over arelatively long period of tinme in e o] t rs | S
actual ly ful ?/cjf:%a{ﬁ%e 1 rRe, ]P?‘r%lﬂgwcg ggé?néa%r grg%gxsd:@g%gc?%ﬁ.gérw"@th a

hi gher char gpredetereined|peybed afnbimehseymigasiogesds shaggingdPKC-h t he
same chargi ngegdrrent, but this time the charging period of time will be
shorter. When this charging process is termnated, the battery is again

di scharged in order to determ ne whether the battery has been fully

chaL ged. If wﬁ,mn@emhahaeebﬂaiﬁgoges?mﬁmhsshersarre eihargiing ther sebiseut
with an even shorter chargin eriod _of _ti Is.initi.ate £ nQt, )
char gi ng pr cTERRE \f ?F?h%858ﬂ888ﬁ§ré?natSnggn%tbgtEﬁ?thgﬁo nggﬁepgﬁ%§§ of
charging ti meing chatrgingdpeFhedeTshapgmigusnTmaxsbedng ¢ taroviassegen |
continue wt S af el PRaGULHER! gdm\gbﬁgmﬂp\ﬂaﬁ%ré $r0fcedhar gi ng
time until t%Eég§%i%€ﬁ$§ agg?ﬁg trnme, ??18%@@, ere the bé@fery IS Just

ful ly chargeterminabeenltagadis\wieachesdsuring the tenperature of the
battery at t(100%, Tenp.(100% can be found for this type of battery and
for the glvego?hgrgéggogugégggdigé g%a%%& of the claims 56, 57 or 59,

wherein the remaining charging period of time is determined

on the basis of a comparison of the battery or cell terminal
voltage course with stored reference voltage courses.

61. A method according to claim 59 or 60, wherein the remain-
ing charging period of time is determined in dependency of
the value of Tmax.

62. A method according to any of the claims 59-61, wherein
the stop point of time Tstop and thus the remaining charging
period of time is determined based on a comparison of the
time Tmax at which the maximum voltage is reached with stored
reference values of time and corresponding remaining charging

periods of time.

63. A method according to any of the claims 56-62, wherein
the subsequent charging process is stopped if the difference
between maximum and minimum battery or cell temperature
exceeds the maximum value determined during test charging.

64. A battery system according to claim 36, wherein the
information means comprise a temperature sensor for sensing
the temperature of the battery.

65. A battery system according to claim 36, wherein charging
current and/or charging voltage is/are initially increased
when the temperature sensed by the temperature sensor is low.
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ring the voltage across the battery at t(100%, the value of V(1009 an .l aced
found. Fig. 12 shows the course of the voltage and tenper at urlsis

typi cal charging process in which a relatively Iow charging cu i mﬂ
used. In Fig. 12 the charging current is 2C/ h, and the points

and V( 100°/c) are i ndi cated on the charging | tage and tenperature curves

shown. s_to.be unders o1 dal=Te ods, [1%iAg t he
val ue of Tenﬁ (1 cﬁg§g88ggse§8|ncE§§%ﬁ thénﬁgggh%exgnt ogﬁ%he féte of
change of theateapeﬁaruhercgpmerdanmega@h St twen Satde LY s&sitkeht means

par amet er f0&oesaeagukaﬁgpEﬁée%llca»g@mfoeaﬂcm e teirgd eiearlm el WREnRIBor
vol tage Vmax which wll vary with t of battghy |nv g Vhen u3|ng

a high speedséﬁﬁﬁﬁgn§hﬁr@€é§§r§§ Fﬂl&st 9@@%%1%5

cess is controlled so that the voltage is maintained at a substantlally

const ant val the rest TR

reached, the%gha%g%’ﬁg ﬁFé’cggé:oﬁ S:é’r Pﬁar?qt gsa\?(hg}r%l a p#g erm ne p#g'??gd
of time has hepnsdfustaemingm@heﬁeVmameIannﬂﬁﬁﬁonJlorder to determ ne
Vmax for a new type of battery the

68. A battery according to any of the claims 38-43 and 66-67,
wherein the information means comprise a temperature sensor
for sensing the temperature of the battery.

69. A method of controlling a discharging process of a
rechargeable battery having at least two cells, said method
comprising surveying the voltage of each cell of the battery,
and interrupting the discharging process when the voltage of
at least one cell drops to a predetermined threshold voltage.
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battery may be charged with an al npbst constant charging current which is
slightly higher than the charging current used in the above exanple to
determne the tenperature Tenp. (100% . The rate of change of the voltage
curve is neasured and conpared with the tenperature of the battery. If the
voltage rate of change is positive at Tenp.{100% a new chargi ng process is

initiated w e sl i i r ' t han the previous
current. Thi%gﬁﬁgﬁeégDiébgg%éépgdgggtFﬁ f gkﬂgggﬁgé vol t age ratg of change
at Tenp. (1009 becones zero or slightly negative. This procedure is
illustrated jpgFkferl3 for a charging current of 0,5Ch and in Fig. 14 for
a charging current of 1C/ h, when using the sane battery as in Fig. 12. The
measured val ue of V(1009 for a charging process where the voltage rate of

fﬂgnggl Bgsoic Mskeéﬁf&@?‘@aﬁjtéobattélr?gh@ yhaegeid by widnndu: ingyaiwe measuimaknr

Vmax shoul d Bgngéﬁeg?‘égelfit hé?ggfsg'g%{t% '[clﬁ :‘pr?e%}z}g:uﬁ eguv%g '5?%193 %ﬁd}%’g f

_CIl Ihﬁ; t ?g: diavodldl d\(;bechaeg‘i'ng_ dede pmiduien g emiperadiure inorease) imghe

B R T oy e R At

char gi ng cur iensusveyedhdundng gixileast part of the proces ofrgﬁarglng
the battery. This charging parameter surveyed is compared
with a number of reference parameter courses representing
idealistic or desirable processes of charging the battery for
different starting states of the battery. In order to deter-
mine the starting state of the battery and thus selecting a
reference parameter course, the battery may initially be test
charged for at short period of time and subsequently test
discharged for another short period of time. The comparisons
may for example be made by means of a microprocessor, which
may also select the reference course. Thereafter the process
of charging the battery may be controlled so as to approxi-
mate the course of said charging parameter to the selected
reference course. The invention also relates to a method of
determining characteristic parameters of the battery which
may be used to control a subsequent charging process. Such
characteristic parameters may be the capacity of the battery,
the maximum charging temperature and the maximum charging
voltage. The invention further relates to a battery and a
battery system wherein the battery may comprise information
means for storing battery information. Such information means
may for example be an electronic memory or a microprocessor.

- —_—
— e e
—_—

as Been Replaced

" T



35 mum chargi ng vol tage Vmax, which has been determ ned fromthe neasured
val ue of V(100% in Fig. 13. By perform ng the above descri bed nmeasurenents
of t(100%, Tenp.(100%, and V(100%, a set of reference paraneters
representing reference values of voltage, tenperature, cur- rent, and
charging tinme may be collected. All-of these refer- ence values may be used
in determ ning characteristic charg- ing‘FZ ters to be used in a
controll ed chargi ng process, including al ative ways oféxflculating
Vmax. According to another enbodi nept of the invention, efer- ence
paranmeters to be used in a contr ed charging process be det er m ned
for each battery or for each type of bat- teries by usj a fEESt anal ysi ng
chargi ng process foll owed by/a second analysingwchargitg prpcess. As the
battery may conprise severalf battery cells, the analysi c1afging pr o-
cesses may al so be used i n Qqrdér o derermne rererence gar pneters for each
cell of the battery. The firXt analysing charging procesg ip illustrated in
Fig. 16. During this anal ysi ncharging process a naxi mum bhttery chargi ng
tenperature difference AT is det i ned by supplying alD¢lalively |ow,

al nrost constant charging current fol\a relatively |long peripd of tinme and
surveying the battery

Voltage A
Fig. 1



tenperature and/or the battery term nal voltage. The first anal ysing
charging current should be so Il ow that no substan- tially increase in the
battery voltage is detected for the first six hours of the charging
process. However, the charg- ing current should be high enough to ensure a
rise in battery voltage after about 10 hours of charging, and the charging
current should preferably be around g%fZﬁaah al t hough the exact val ue of
the capacity of the battery may not at the time when the first
anal ysing charging process occurs. If the value of the first analysing
charge current has been chosen so that the above nentioned requirenents of
the bat- tery voltage is not fulfilled, a new value of the first anal ysing
charge current should be sel ected, and the 36 anal ysing chargi ng process
may start all over again. It is preferred that the battery is fully

di scharged before being subject to any anal ysing chargi ng process. If a
correct value of the first anal ysing charging current has been sel ected,
the battery will be fully charged after several hours of charging and no
further increase in the battery tenperature will be detected. hﬁnce t he

maxi num
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charging tenperature difference AT can be determned for the battery by
conparing the I owest and the highest values of the neasured battery
tenperature. It is also to be noted that no further increase is detected
for the battery voltage when the battery has obtained the fully charged
condition. If a tem perature sensor is available for each cell of the
battery, the maxi mum chargi ng tenpenﬁB#ZZdﬁfference may be determ ned
accordingly for each cell of the battery. It is a further aspect of the
invention to provide a nethod ofqgeternining t be real valug,of the capacity
of the battery to be charged. Thigg is also do% during the gi rst anal ;gi ng
t -

chargi ng process by deternmining &f,rst charg stop poi ptof tinme [qy
t (capacity)) at‘éaf ti me when n rther incr@de in the pagtery
tenperature andNdW battery vol t age jhas been JETe ted for pCYredetermined

period of tinme inwdlving at |east t measur enent\s of thg battery
t enperat ure and/@’)mﬂtage. Alterngtively, t(capafity) y be determjned as
the point in ti weswhere the change in battery te and/ or bhatflery

vol tage has decidgsed bel ow a preddt ernined | evel redet er mbeg
period of tinme. By calculating the jpower supplied Yo thg battery durijng the
first analysing charging process until the tinme t(gapagfity), which i§ equs
to the tinme when the battery has bgen fully charge he real value Qfiqt
capacity of the battery may be det e m ned. i
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The second charging process is illustrated in Fig. 17. During this
anal,ysi ng chargi ng process a nmaxi num battery term nal voltage is determ ned
by supplying a second, al nobst constant, analysing charging current to the
battery with the second 37 anal ysing current being equal to the Crate
based on the real capacity value of the battery determ ned during the first
anal ysi ng chargi ng process. During the sec Zﬁagﬂalysing char gi ng process,
the termnal voltage and the battery ten}‘g re are being surveyed and
the maximnumterm nal voltage is determ ned as the voltage neasured ac

the battery terminals at the point in tinme when the battery tenperatu E“has
i ncreased by the maxi mum battery charging tenperature .difference AT i ch

min.

Time

has been deternined during the firdt anal ysing charging process. |f the
term nal voltage is sur- veyed for jeach cell of the battery then the
maxi mum term nal voltage may be detjerm ned in the same way for each cell of
the battery, either at the maxi@mjibattery charging tenpera- ture
difference or, if the tenperat ifs surveyed individ- ually for each'ggll,
at the naxinun1charging tenperaturg difference of the cell
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Figs. 18, 19 and 20 shows the charging curves for a NNCd battery when the
charging process is controlled in accordance with the results obtained
during the first and second anal ysi ng chargi ng processes. Thus, the real
battery capacity val ue determ ned during the first anal ysing charging
process may be used when determ ning the charging current supplied to the
battery during the first part of the ﬂglhg process. In Figs. 18, 19 and
20 this charging current is equal to 2, 3 and 4 tinmes the Crate,
respectively. During the charging process, the battery term nal voltage is
surveyed and when the maxi num battery term nal voltage Vmax determ ned
during the second anal ysing charging process is reached, the charg- . ing
process is controlled so that the voltage is held con- stant during the
remai ni ng charging process. At the tinme Tmax when Vmax is reached a
remai ni ng chargi ng perioéﬁnay be determ ned in accordance with the previous
di scussi on and the chargifig process may be termi nated when this renaining
charg- ing period ha¥ | ag§ed. Howéver, the remaining charging period may
al so be determ ned iFPdngndency Of the value of Tmax, and in a preferred
enbod- 38 =

«©

—{ 1

A/D

=
S o L)
—t— —d o
=— o < n
tad<C < oza. < o
e =y o O)
x> =+ (5 = m——
s 1 s ow (an)
Ol (&5 oz m
" o © ~ o
> <
% g
v
[ -
[N
—t
w - o
— [ &) ()
— wl —
[ ] oz w
Ll
o~ o = 2
S
~
o~



iment the remaining charging period is determ ned by conpar- ing the val ue
of Tmax with stored reference val ues having correspondi ng remai ni ng
chargi ng periods of time and thus selecting the remaining charging period
corresponding to the value of Tmax. Wen charging a battery, the battery
tenperature and/or the charging current may be surveyed, and the charging
process may be term nated when the ”157%22ﬂ rise in tenperature equals the
maxi num battery tenperature difference "determ ned during the first

anal ysing chargi ng process. Alternatively, the charging process may be
term nated when no further decrease in the charging current has been
detected for a predeterm ned period of tine during the remaining charging
period. This is illustrated in Fig. 21 which shows the charg- ing curves
for a Nickel Metal Hydride battery which is initially charged with a very
hi gh charging current. In this case, Vmax is reached very early and the
charging process is controlled so that the battery termnal voltage is held
constant at Vmax, resulting in a decrease in the charging current, and the
charging process is termnated when no further decr gase has been detected
in the charging current. As nentioned above Lhe bautery may eenpFr+Sen
several battery cells. These cells are connegted ir&series ahd th
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battery. However, the characteristics of the battery cells may vary from
cell tocell wthin the battery, and in order to obtain alnost full contro
of the discharging and charging processes of the battery, it my be
convenient to be able to neasure the voltage and/ or tenperature of each

i ndi vidual cell during discharge and/or charge of the battery. Thus, it is
an aspect of this invention to providezﬁy fery having at |east two
battery cells and having neans for nmeaSurihg the voltage of each cell. The
battery may further conprise infor- mation neans for storing the neasured
cell voltages, and in a preferred enbodi mrent of the battery, each cell is
al so pro- vided with a tenperature sensor with the neasured tenperaturfe
39 being stored in the information neang. Fig. 22 show¥a bl ock di agrgm of
a preferred enbo nt of a battery 20 gygcordi to theDinvention. Thg

battery 20 in Fig. «22 conprises 6 battdBy cel |& 21-26 th a tenperatyre
sensor 27-32 pro d for each cell anf@infor ion megRs 33 such as 4n
EEPROM and/ or a oprocessor for reapng thgvol tage fcross each cel
and/ or the tenpe ure of each ceII.‘As the characterisyic may vary fqr
each cell of the battery I
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it is very inportant to control the discharging process with respect to the
cell showing the largest drop in cell voltage when the battery is being

di scharged. This is illustrated in Figs. 23 and 24 which shows the

di schargi ng curves for each cell in a NNCd battery having 6 cells and being
di scharged wth a constant current. In Fig. 23 the overall voltage of the

battery is used in order to stop diﬁg?;!g!ng of the battery allow ng at

| east one of the cells to obtain a ively large voltage drop and thus
bei ng discharged to a very high degree. As a result, this cell may not be
fully charged&’)en the battery is 'subsequently being re-charged and the ~
capacity of the_battery may decrease. This may be avoided by the -
di schargi ng pn ss shown in Fig. @, where th i scharg- ing process isq
controlled solgit t he di scharge of?t he bat - t:§ is term nated when the
first of the :I;I vol t age curves ps to a pregetermned | evel. This

m ght be int range of 0.8-1 Vol @ Simlarly,=xhe maxi num cell voltdg
will not be reached at the sane U;ﬁadurlng a rgi ng process. Thséi

illustrated in Fig. 25 which shows tlhe cell voltage.curves for each cql+
during charging of a NiCd battery. re it may be obEEFued t hat one of] t he
cells reaches the maxi numcell voltage e_ot her céT1s~and_|n
preferred enbodi nent of the present i nvention the
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process should be determ ned at the point in tine when one of the cel

vol tages first reaches the maxi mum cell voltage. 40 In Figs. 26, 27 and
28 the bl ock diagrans of different enbod- inments of a battery system
according to the present invention are shown. Fig. 26 shows a system
wherein the battery 40 conprises infornmatjgon_neans 41 such as an EEPROM and
the charging apparatus 42 conprises thgﬁhkﬁhﬂolling devi ce 43 such as a

m croprocessor. However, the information nmeans 41 of the battery 40 may

al so conprise a controlling device such as a mcroprocessor as shown in
Fig. 27. Fig. 28 shows an enbodi nent wherein a charging controlling device
is included within the infornmation neans of the®@attery 40 and in this
case, the battery 40 only needs to be conggcted to power supply 44 which
is controlled by the informati on nmeans 41}of the bgftery. It should be

under st ood t hat the above described first Znd/ or s&ond anal ysi ng char gi ng
processes nmay be used in connection with @?battery=ﬁccording to the present
i nvention wher®™ neasured data and parangters naylbe det er ni ned and/ of ©
stored withinvywee informtion neans of thq battery.] Alternatively,
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data may be collected by a conputer systemwhich will supply the
char.acteristic paraneters to the chargi ng apparatus having a nenory for
storing these paraneters. It should al so be understood that the above
descri bed nethods of the present invention are not valid only for a single
type of batteries such as Nickel Cadnhtihyzzgﬁries but shoul d al so be
applicable for other types of re-charg tteries such as for exanple
Lithium batteries and Nickel Metal Hydridegyatteries. -41- 1. Ebattery
charging system conprising: a rechargeabl &battery (40) includinfat |east
one rechargeabl e battery cell, a pair. bﬁgtery term nals and igﬁ;{nation

nmeans (41) for ciﬁhaining i nformation outlOthe battery in the f off an
i nformati on code; char gi ng. apparatu 429> for charging the rechargedbl e
battery (40), th&"thargi ng apparatus (42) lincluding a pair of chargEr
termnals, neans fgr releasably intercon ting the battery and the
char gi ng appar at o that the battery tgrjmnals are in electrica
conducti ve cont as ith the charger term\nkl s, and information rece] vijng
means for
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el ectronically reading or sensing the information code of the information
nmeans (41) of the battery, said charging apparatus (42) further conprising
control neans (43) for controlling the charging process based on the
information code read or sensed by the information receiving neans of the
charger, characterized by said battery1L3f Qgtion code conpri sing

i nformati on about the nmaxi mum char gi ng A:gg and/ or the maxi nrum char gi ng
current of the battery (40). 2. A battepy chargi ng system accosging to
claim1l, wherein the battery informati codg further conprisegycharging
paranmeter algorithns. 3. A battery chasdi ng 8stem according t@&any of the

precedi ng cl ai ns erein the informti®n cope Ut her conprisél 0
i nformati on abou e maxi mum t enper at =t heQ ~~ O 8111
- 42 - 4. A batt &Y charging system accorjdA\ng togny of the precelding
claims, wherein thainformation code furtjhe conmprises infornati abqut
the type of the btgnery and/ or the caps@ifty of theg battery.
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5 5. A battery charging systemaccording to any of the prece- ding clains,
wherein the informati on neans (41) conprises an electronic nenory for
storing the battery information.. 6. A battery charging systemaccording to
any of the preced- ing clains, wherein the information neans (41) conprises
an 10 EEPROM 7. A battery chargin yia:n according to any of the prece-
ding clains, wherein the controlli n’gz (43) of the charg- ing apparatus
(42) conprises a nmicro processor. 8. A batgery charging syst&m according to
any of the prece- 15 ding clains, wagrein e rechargeable hpttery (40) is
a Nickel Cadm um battery, a N ckel tal H¥dride battery, orza Lithium
battery. 9. A re%rgeabl e battery @wnpri §8§ng at | east one 5chargeabl e
battery cell, a p™r of battery terktnal sS»nd 20 Jgnfornati means (41)
conprising batteM™information in thy fornt of an §formati on] code, saild
i nformation code hgving a form which e elec-gdronicall %r ead or spgsed

by information rg@vi ng neans of a cor pondi ngrbattery chargi ng
apparatus (42), | acterized 25 b ai fINpattery I.nformati code
conprising inford{ion about the mag¥u

maxi mum chargi ng current of the bat tgy

rgi ngg-oltage and/ or the
@
-

40

Time (min.)

20

i

o] 0 < N
Voltage (V) = - - - - <
Current (A) < = o - =]
Temp. () R 8 8 & 8 & 2 ©



10. A rechargeabl e battery according to claim9, wherein the 30 battery
informati on code further conprises charging paraneter al gorithns. 43 11.
A rechargeabl e battery according to any of clains 9 or 10, wherein the

i nformation code further conprises information about the maxi num
tenperature of the battery. 12. A rechargeable battery according to any of
claims 9-11, 5 wherein the informatio ¢Q4|rther conprises information
about the type of the battery and/or the capacity of the battery. 13. A
rechargeabl e battery according to gRy of clains, 9-12, _wherein the

i nformati on nmeans conprises an ele oni ¢ nmeno 10 f©@r storing the battery

i nformation. 14. rechar geabl e bat®ery accordkng to Qny of clainms 9-13,
wherein the info tion neans conpTdses an EERADM 1% A rechargeabl e
battery accordi n ro any of claim>9414, wher drn t he (Deghar geabl e batfery
(40) is a N ckel Cadm um 15 battery, Ja N ckel tal Hydride battery, ¢r a
Lithium battery. m :
& -
LL
0
—
E-
>
-
Lo ©
£
S
L)
£
l_.
+10
o] 0 <t ™ (=] o)
Voltage (V) = - - - = S
S S S Q =
Current (A) « P o - o
Temp. (C) R 8 8 & 8 & ¢ ©



44 period and is raised to a higher level during a |later period of the
chargi ng process. 15. A nethod according to any of the clains 1 and 9- 14,
wherein a remai ning period of charging tinme is determ ned on the basis of
sai d conpari son when the value of said at | east one characteristic
paranmeter fulfils a certain predeterm ned condition or predeterm ned

condi tions, the charging process bein er i pated when sai d renaini ng
period of time has expired. 16. A netﬂdhjggéﬂrding to claim15, wherein the
remai ning period of time is determ ned when the characteristic para- pefer
has obtai ned a predeterm ned yal ue. 17. met hod according to ¢l gi m 16

wherein the remaining period ¢f tinme is geterm ned when the vol} gage =

supplied to the termnals of ffhe battery}jhas reached a predetﬁy ned <=
maxi mum val ue. 18. A net hod cording tpjany of the clainms 1 egqd§9-17,
wherein values of said at |e®jt one ch ing paraneter are cufledtly @
measured at short time intergdls durin hargi ng, the neasure$ Iramﬂ&?
val ues being conpared with &@fres- pon g reference val ues, the =
rel evant set of reference B
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paraneters being selected on the basis of conparison of such neasured
val ues and reference values. 19. A nethod according to claim18, wherein
the rate of change of the paraneter values as a function of the charging
time lapsed is conpared with simlar reference values. 20. A nethod
according to claim18 or 19, wherein the para- neter val ues are neasured
and the rates of change of the paranengiXings are determ ned at uniform
first tine inter- vals, each detern na the rates of change being
based on paraneter values nmeasured at second tinme intervals, the 45
second tine intervel ing a multiplesoR€-2'FHirst time interval. Zlfzﬁ'
nmet hod according t A of the clai ms=1 \nd 9-20, wherein]the &1 r gi ng
current fed to theEbakt&ry is controlged y pu} se w dth dul add a

constant voltage egu cd. \22. A net hod™accox di ng to any of fthe ms\lf)-21,
wherein the determ natiton\of said rate of ange is initidgted a
measur ed val ue of the char¥acteristic paranmeders exceeds a jpredet g mi néﬂ
val ue. 23. A nethod accordi\ng to any of the §lainms 1 and 4 22, r ei.== each
paranmeter value is an avera§e of a plurality of :
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measurenments wthin a certain period of tine. 24. A nmethod according to any
of the clains 1 and 9-23, wherein the charging period is restricted to a

pr edet er mi ned maxi num period. 25. A nethod according to any of the clains 1
and 9-24, wherein the charging process is termnated if one of the

par anet er val ues neasured exceeds a predeterm ned value for the respective

paraneter. 26. A nethod according to aréigéuﬂge clains 1 and 9-25, wherein

the charging process is interrupted if n said at | east one val ue of

course surveyed deviates too much from any_ of the correspondi ng courses.or

val ues of the stored referepnce paranmeters. \27. A nethod according o agy of .
the clains 1 and 9- 26, rein the state ofy the charge of the attery‘gg
mai nt ai ned after term naty® of the chargi process by feedgng a pul -=
sating current to the te@ihals of the bagg ry. 28. A nethod®afcorHing to
any of the clains 1 and ® 7, wherein th tery is subjectigdito pn g
initial testing prior t 0™t act ual char&"ng process, said t@sti ng] e
conpri si ng 46 =
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test charging the battery by supplying a first test charging current to the
terminals of the battery for a short first period of tine, surveying or
nmeasuring at | east one test charging parame- ter at |east during part of
the test charging process or at the end thereof, subsequently test

di scharging the battery for a short, second period of tine, and surveying
or neasuring at |east one test discharﬂL?a;EgLaneter during at |east part

of the test discharging pro- cess or a d thereof, at |east the first
part of the actual charging process being controlled on the basis of the
surveys or measurenments nmade during the test charging and/ or test c
di schargi ng process. 29. A nethod according to claim 28, ywherein the é
battery is test chargedgpy applying a det ermi ned t esg Ychargi ng Jol t= age
to the termnals of the tery, the c%%r ing current, ®he di scharpging
current and/or the tenp& gture of the t\ery being surfeYed or nepsurgd.
30. A nethod accordi ng gb laim29, whBtei\n the test cldr i ng vol thge

i ncreased gradually or stdgpwi se. 31. A nmethod according t@ claim2p oF:SO,

wherein the test charging land di schargi ng frocedures are fepeated pne’or
nore tines.
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32. An apparatus for charging a chargeable battery, said apparatus

compri sing connecting neans for connecting the battery to an elec- trical
power source, neans for surveying the value and/or course of at |east one
characteristic paraneter of the charging process during at |east part of

t he -process of charging the battery, storing neans for storing a plurality
of the values and/or courses of refer aneters representing idea-

47 listic or desirable charging proceggéil different types of battery
and/or different battery conditions, neans for conparing the value and/or

course of said at |east pne charging parameter with the values andfor =
courses of the stored refjerence paraneters\and for sel ectinfg basedfjon-sid
conpari son one of said ored sets of refdrence parame- teljsg and prean& for
controlling at |least par] of the process @&f \charging the bjt@ery op the
basi s of one of nore r%ﬁarence paraneteriﬂof the selected ge¥. 33.}An o
appar atus for chargi ng»a]rechargeabl e batter O c
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apparatus conprising connecting neans for connecting the battery to an

el ec- trical power source, neans for initially test charging the battery by
supply- ing a first test charging current to the termnals of the battery
for a short first period of tinme, means for surveying or neasuring at | east
one 'test charg- ing paraneter at |east during part of the test charging
process or at the end thereof, neans Efgl di scharging the battery for a
short, second period of tinme, neans f ing or nmeasuring at |east _one
test dis- charging paraneter during at |east part of the test dischargeging

process or at the end thereof,} neans fqr selectigjng or determ ning 4§ cgE;se
of at |east one charging pargnet er bqa.d on sai ¢.,urveys or measurgqne of
the test charging and/or di smtjarging g@rjocesses, d nmeans for contnolling
the process of at |east _part_gy char gi@g} t he bat y substantially ijn ®
accordance wth the course Wected or§ said atf IBast chargi ng pargnet er.
34. An apparatus according t0 fcl ai m 33, } wher ei e neans for test chﬁgging
the battery is adapted to applly a predeferm nefl test chargi ng voltdge o
the termnals of the battery, Jthe surveying ns being adapted to [sFvey
or neasure the charg- :
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48 ing current, the discharging current and/or the tenperature of the
battery. 35. An apparatus according to claim34, wherein the test charging
nmeans i s adapted to increase the test charging voltage gradually or
stepwi se. 36. A battery system conprising a rechargeable battery including
a pair of battery termnals and information nmeans for containing

I nformati on about the battery, and a chargi ng apparatus including a pair of
charger ter- mnals, neans for releasgggl ' %chonnecting the battery and

t he charging apparatus so that the ba 42? rmnals are in electrica
conductive contact with the charger termnals, and information receiving
means for receiving information fromthe information neans of the battery,
whereby the charging of the battery may be controll ed based on said

I nf or mat i op.~-3~-Abattery- sysbeﬁraeeeﬁﬁﬂﬂy11rt+arnr36-ﬁmﬁ+ﬁﬂ-tnnpr|S|ng
control neans for controlling the charging process hased—en—ih nfyor mat i on

recei ved by the information receiving nmeans. 38. A rlechargeabl e battery for
use in a batjery system accor di-ng—to—6t-ai-m-36—er—3+—sai d battefy
conpri si ng! a| paif—of '
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battery termnals and information neans for containing bat- tery
information in a formwhich may be sensed or read by suitable information
recei ving means of a correspondi ng battery chargi ng apparatus. 39. A
battery according to claim 38, wherein the informati on neans conprises an
el ectronic nmenory for storing the battery information. 40. A battery
according to claim38 or 39 wherein t .ﬁ zzﬂgy i nformation conpri ses

i nformati on about the type of the batt ? capacity of the battery,

ot her specifications of the battery, charglng statys of the battery, the
condition of the various battery cells, / rg|no pracess, gt he

| ast di scharging process, the tine peri Iap ed‘j, e | ast chfrgi
and/ or discharging process, charging pa ! and/ or fhe~

internal battery pressure. 41. A batt cqn di f¢ tqncla|n139 or 40
further conprising control means for i oI$| r/ he.&hargl Ng process.2.
A battery according to claim41, wher rolcneans are adapted o
control charging of individual cells of e(b t ry h response tofthg=
information received fromthe informatiqffinea
o
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43. A battery according to any of the clainms 39-42, further conprising an
el ectronic display for displaying information fromthe nmenory. 44. A nethod
of determ ning a process of charging a rechargeable battery having a
capacity C, said nethod com prising test charging the battery by supplying
a relatively low charging current to the battery for a certain period of
time, determ ning a nmaxi mum val ue for;z:zzzggg one of the charging
parameters conprising tenperature, in Sure, and charging or termn na
vol tage of the battery and/or cells thereof, and cq;trolling a subsequent

chargi ng process so as to avoid exceedi t =xulﬂnmwalue or val yes =
determ ned. 45. A nethod according to tm @4, yYHgf e t he maxi nu vaE%e
for the battery and/or cell tenperatu tRe er&nce between rgaxi fm
and ni ni mum tenperatures during the t&stiildhzRdi ngaid certain riod of
time. 46. A nethod according to claim4 r 45, )rerein the test charging
current supplied to the battery is 0. 1- Cnfpreferably 0.2-0.29 C
C/ h being the Crate. / =
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50 47. A method according to claim44 or

45, wherein the test charging

current supplied to the battery is 0.75-1.5 Ch, preferably about 1 Ch,

C h being the Crate.
maxi mum val ue of the charging or termna

48. A nethod according to claim47, wherein the

voltage is determned as the

maxi-nmum vol t age obt ai ned when the test char gi ng current has been supplied

to the battery for a certain period ofzti

of the clainms 44-48, wherein the batt ef
slow rate and subsequently di scharged at

chargi ng and determ ning the maxi nrum val ue for said at

paranmeter. 50. A nethod according to any of the clains 44-46, wherein £he
relatively |ow test cpwrdiliQy cgent {B| sS@pplied to the battery for su@a
| ong period of time tfht ‘x\. e®n at t one of said charging
paranmeters, such as b@ {g ‘l'.o &l tg ature, has been obtai ned pnd no
further essential par= thakde hadfpeen detected. 51. A method
according to claimb50, &re\p a firstigghargi ng stop point of tine s,g
determ ned when no furth@ e in parl§feter val ue has been detecteld fbr a
predet erm ned period of { 52. A ngfhod according to claimb51, whepein a
capacity val ue -
-
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of the battery is determ ned by calculating or neasuring a total first
chargi ng power supplied to the battery during test charging until the first
charging stop point of tine is reached. 53. A nmethod according to claimb52,
wherei R the charging paraneters for which a maxi rumvalue i s determ ned
conprises the charging and/or term nal voltage of the battery or cells

t hereof, said test charging conprisieg Jigggnd test chargi ng process
wher.ein the battery is being charged ét ond test Thi s Sheet Has
Been Repl aced 57 charging current which is substantially equal to the Crate
based on the capacity val ue determ ned or nmeasured. 54. A nethod according

to clai m53, wherein.the mm(imlm\mhtgge I s det er mMrAet—as—i-tre=—retteage

measured across baftery or cell ternifgals at the pgint of tinme whegs fhe
battery ar cell tefperature has ingJe
e ium and moni nugn t enper at ures déte

sed by said qifferenge betwegn

m ned duri ngjt rging. 55. 1A
nmet hod accor dg te any ;?he cl ai ns {44- 54, wher eifn ttery is
substantial ly scharge Eigre initidting : ll]
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Uo4L3~8 TPoc
test .charging. 56. A nethod according to any of the clains 53-55, wherein
the battery is charged with a substantially constant chargi ng current
during part of said subsequent chargi ng process, said subst | .
constant charging current being several tinmes the Crate ba 3@?§A5ENHHWTSHEET
capacity value deter- mned or neasured, the voltage(s) of §he¢ battery or

cell termnal(s) is (are) surveyed, and en the maximumte najgggntqg%
of .the battery or cell has been reached at ine Trax, the chafgi ng process

is con- trol fﬁbt é?ﬂﬂ%ﬁg eBRg? y ' vol t agpe SUD*"
stantially conscggt or e rena?%#ﬂg P %gg SﬁhPﬁgk%hargi cess. 57. A
met hod according to clai.m56, wherein the battery has at |east two cells]
the vol t age gig@gagdp cel | of the battery being surveyed, and the renmaining

period of the charging process being controlled based on the voltage of the

‘cell having a voltage first reaching the maxi numcell term nal voltage. 58.

A met hod acgorfddihrifeddis MDOcOFy Oi's ¥herged bYecohabchang! thke itePmidfallde

remai ni ng ch i.n eriod is deter ned,bg surveyi ng the char |%% current,

and when nocﬁ%%pﬁgﬂ%ttery to an electrical power source. In order to
avoid overcharging and undue temperature increase in the

battery cell, the course of at least one charging parameter
is surveyed during at least part of the process of charging
the battery. This charging parameter surveyed is compared

N/ with a number of reference parameter courses representing
idealistic or desirable processes of charging the battery for
_) different starting states of the battery. In order to deter-

mine the starting state of the battery and thus selecting a
reference parameter course, the battery may initially be test
charged for at short period of time and subsequently test
discharged for another short period of time. The comparisons
may for example be made by means of a microprocessor, which
may also select the reference course. Thereafter the process
of charging the battery may be controlled so as to approxi-
mate the course of said charging parameter to the selected
reference course. The invention also relates to a method of
determining characteristic parameters of the battery which
may be used to control a subsequent charging process. Such
characteristic parameters may be the capacity of the battery,
the maximum charging temperature and the maximum charging
voltage. The invention further relates to a battery and a
battery system wherein the battery may comprise information
means for storing battery information. Such information means

may for example be an electronic memory or a microprocessor.
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52 degrease in t he charging current has been detected for a predeterm ned

pef i-od—of —ti e ferninaring the charging pro- cess.

59. A net hod accordi ng

to cI s e|n the subse- guent charging process is stopped at
ati per-o0d Tstop m nus Tnax belng
determmﬁﬁw y Eﬂ’ﬁ‘g 5”'5 Hﬂgﬂéﬁﬂen t he gaxi ﬁgﬁﬁﬁég /Xﬁ H

terni na each 6 REPRAGRD: hod dccor di gﬂtﬁmai}%(\& 5G
56, 57 or 59, mhereln the remai ni ng chargrng peri é I e e 1 p ﬁPﬂEﬁﬁd -----
on the basis of a conparison of the battery or ce IwLe nf VBLt e et Y
with stored reference voltage courses. 61. A nmethp Cb?dvﬁgxf ¢ laitth ged ..
or 60, wherein the renain- I ng charging pe}lod of tTnéjréddeterﬁ?ﬁedﬁwﬁ&ed -----
dependency oE §2ﬁ EH% max. 62. A nethod accprding to any of the

clai ns 59-61, e AMERE S op point of tine Tstop BAFEtQHSREGEIRENAING....

charging period of tinme is determ ned based on a conparison of thé tine

Tmax at which the maximumvoltage is reached with

stored reference val ues

of tinme and Qqrrespattiery chErigingg systen, ngoppriedagef tine.
a rechargeable battery including at least one

rechargeable battery cell, a pair of battery terminals and

information means for containing information about the bat-

10
a charging apparatus for charging

tery -in the form of an information code,

the rechargeab}e bat -

texry, the charging apparatus including a pair of charger
terminals, means for releasably interconnecting the battery
and the charging apparatus so that the battery terminals are

15 i etectricalconductive conmtactwith

-the ~charger terminals;:

and information receiving means for electronically reading or
sensing the information code of the information means of the

battery,

said charging apparatus further comprising control means

20

- for -controlling the charging process based-on the informatien

code. read or sensed by the information receiving means of the

charger,

said battery information code comprising information
about the maximum charging voltage and/or the maximum

25 charging current of the battery.

2.

A battery charging system according to claim 1, wherein

the information code comprises information about the maximum

temperature of the battery.

3.
30

A battery charging system according to claim 1 or 2,
wherein the - -information code comprises information about the

type of the battery and/or the capacity of the battery.
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63. A.nmet hqd accordr ng to any of the clains 56-62, wherein the subsequent
chargi ng process_r—srseopped-rf‘rhe di fference between maxi mum and m ni num

battery or cell te er t z&gds the maxinum val ue deternined during
test chargi ng. tem according to claim3 ’ﬁﬁff t-hRe
i nformation rreans erature sensor for sensi né -t erérBEENk

of the-battery. 6 stenraccordlng to claim thﬂﬂﬁﬁED
chargi ng-current and/ or charglng voltage is/are initially increased wren
the tenperature sensed by the tenperature sensor is |ow 66. A
rechargeabl e battery according to any of tke claims 38-43, further
conprising at least two battery cells, neans for neasuring the voltage of
each battery 4el A hatdteryamharging @M&t@"t accorddngetiocany o8l thgeprenet he
informati on nPaRS . c1@Ames) RN %@'Hi'b%rtyo isledria€Sonbeagl Boinpeises
I nformation ans further cqﬁggl croprocessor. 68. A battery
accordi ng toq§ﬁy' 66- 67, wherein the information
means conprise a tenperature sensor for sensing the tenperature of the
battery. 69. t | 0 S a@f -
ag & é&fy Q%Agagfagseem s%e&amgl BEOSARS R the prece

rechar geabl e two cel
5 ding claims, w ereln the information means compr:.ses an

electronic memory for storing the battery information.

m

6. A battery charging system according to any of the preced-
""ifdg claims, wherein the information means comprises an
EEFPROM.

10 7. A battery charging system according to any-of -the prece-
ding claims, wherein the controlling means of the charging
apparatus comprises a micro processor.

8. A rechargeable battery for use in a battery charging
~gystem according to claim 1, comprising at least one
1§ recharxgeable battery cell, the pair of battery terminals and
" the information means comprising battery information in the
form of the information code,
gaid information code having a form which may be elec-
tronically read or sensed by information receiving means of
20 - the corresponding battery charging apparatus having control
means for controlling the charging process based on the
information code read or sensed by-the information receiving
means of the charger.
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conpritsing surveying the voltage of each cell of the battery, and Te€aes-0 1vos

i nt.e___rrupti ng the discharging process when the voltage of at |east. one cell
drops to a predeterm ned threshold voltage. ’
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1. A battery charging system, comprising:

a rechargeable battery (40) including at least one
rechargeable battery cell, a pair of battery terminals and
information means (41) for containing information about the
battery in the form of an information code,

a charging apparatus (42) for charging the rechargeable
battery (40), the charging apparatus (42) including a pair of
charger terminals, means for releasably interconnecting the

~battery and the charging apparatus so that the battery
terminals are in electrical conductive contact with the
charger terminals, and information receiving means for
electronically reading or sensing the information code of the
information means (41) of the battery,

said charging apparatus (42) further comprising control
means (43) for controlling the charging process based on the
information code read or sensed by the information receiving
means of the charger, characterized by

said battery information code comprising information
about the maximum charging voltage and/or the maximum
charging current of the battery (40).

2. A battery charging system according to claim 1, wherein
the battery information code further comprises charging

parameter algorithms.

3. A battery charging system according to any of the
preceding claims, wherein the information code further
comprises information about the maximum temperature of the

battery. o reptacement sheet -
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4. A battery charging system according to any of the
preceding claims, wherein the information code further
comprises information about the type of the battery and/or

the capacity of the battery.

5 5. A battery charging system according to any of the prece-
ding claims, wherein the information means (41) comprises an

electronic memory for storing the battery information.

6. A battery charging system according to any of the preced-
ing claims, wherein the information means (41) comprises an
10 EEPROM.

7. A battery charging system according to any of the prece-
ding claims, wherein the controlling means (43) of the charg-

ing apparatus (42) comprises a micro processor.

8. A battery charging system according to any of the prece-
15 'ding claims, wherein the rechargeable battery (40) is a
Nickel Cadmium battery, a Nickel Metal Hydride battery, or a
" Lithium battery. '

9. A rechargeable battery comprising at least one
rechargeable battery cell, a pair of battery terminals and
20 information means (41) comprising battery information in the
form of an information code,
said information code having a form which may be elec-
tronically read or sensed by information receiving means of a
corresponding battery charging apparatus (42), characterized
25 by
said battery information code comprising information
about the maximum charging voltage and/or the maximum
charging current of the battery.

10. A rechargeable battery according to claim 9, wherein the
30 battery information code further comprises charging parameter

algorithms.
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11. A rechargeable battery according to any of claims 9 or
10, wherein the information code further comprises

information about the maximum temperature of the battery.

12. A rechargeable battery according to any of claims 9-11,

5 wherein the information code further comprises information
about the type of the battery and/or the capacity of the
battery.

13. A rechargeable battery according to any of claims 9-12,
wherein the information means comprises an electronic memory

10 for storing the battery information.

14. A rechargeable battery according to any of claims 9-13,

wherein the information means comprises an EEPROM.

15. A rechargeable battery according to any of claims 9-14,
wherein the rechargeable battery (40) is a Nickel Cadmium

15 Dbattery, a Nickel Metal Hydride battery, or a Lithium
battery. o
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